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^ WELLBORB CASING ^^?C)'2.|4^ 
Background of the Invention 

This invention relates generally to wellbore 
casings, and in particular to wellbore casings that are 
5 formed using expandable tubing. 

Conventionally, when a wellbore is created, a 
number of casings are installed in the borehole'to 
prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation 
10 or inflow of fluid from the formation into the 

borehole. The borehole is drilled in intervals whereby 
a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed 
casing of an upper borehole interval . As a consequence 
15 of this procedure the casing of the lower interval is 
of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested 
arrangement with casing diameters decreasing in 
downward direction. Cement annul i are provided between 
0 the outer surfaces of the casings and the borehole wall 
to seal the casings from the borehole wall. As a 
consequence of this nested arrangement a relatively 
large borehole diameter is required at the upper part 
of the wellbore. Such a large borehole diameter 
involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of 
drilling fluid and drill cuttings. Moreover, increased 
drilling rig time is involved due to required cement 
pumping, cement hardening, required equipment changes 
due to large variations in hole diameters drilled in 
the course of the well, and the large volume of 
cuttings drilled and removed. 

The present invention is directed to overcoming 
one or more of the limitations of the existing 
procedures for forming new sections of casing in a 



wellbore, 



1 



Suininaiy of the Invention 

According to one aspect of the present invention, there is provided a 
wellbore casing, comprising a tubular Oner, the tubular liner formed by the 
process of: placing the tubular liner and a mandrel within the wellbore; 
pressurising an Interior portion of the tubular liner by Injecting a fhiidlc material 
Into the Interior portion of the tubular liner through the interior of the mandrel; 
extnjding the hjbular liner off of the mandrel; and an annular body of a cured 
fluidlc sealing material coupled to the tubular liner, wherein during the 
pressurising the interior portion of the tubular liner is fluidicly isolated from an 
exterior portion of the tubular liner. 

According to another aspect of the present invention, there is provided a 
wellbore casing for placement within a wellbore, comprising: a tubular liner 
that overiaps with an existing casing within the well, the tubular liner fomied by 
the process of: extruding the tubular liner off of a mandrel within the wellbore 
by injecting a fluidic material into the tubular liner through the Interior of the 
mandrel and pressurising an Interior portion of the tubular liner; a seal 
positioned in the overiap between the tubular Uner and the existing wellbore 
casing; and an annular body of a cured fluidlc seating material coupled to the 
tubular liner; and wherein during the pressurising the interior portion of the 
tubular Uner is fluidicly Isolated from an exterior poi iion of the tubular liner. 

Accordirig to another aspect of the present invention, there is provided a 
wellbore casing for placement within a wellbore, comprising: a tubular liner, 
the tubular Uner formed by the process of; placing the tubular liner and an 
expansion device within the wellbore; pressurising ar interior portion of the 
tubular liner by injecting a fluidlc material into tfie interior portion of tiie tubular 
liner tiirough the Interior of tiie expansion device; radially expanding tt»e tubular 
liner using ttie expansion device; and a2n annular body of a cured fluidlc 
sealing material coupled to the tubular liner; wherein during the pressurising, 
the Interior portion of the tubular finer Is fluidicly Isolated from an exterior 
portion of the tubular liner. 



According to another aspect of the present invention, there is provided a 
wellbore casing for placement within a wellbore, comprising: a tubular liner 
that overlaps with an existing casing within the wellbore, the tubular liner 
formed by the process of: radially expanding the tubular liner within the 
wellbore using an expansion device by injecting a fluidic material into the 
tubular liner through the interior of the expansion device and pressurising an 
interior portion of the tubular liner; a seal positioned in the overlap between the 
tubular liner and the existing wellbore casir^; and an annular body of a cured 
fluidic sealing material coupled to the tubular liner; wherein during the 
pressurising the Interior portion of the tubular liner is fluidicly Isolated from an 
exterior portion of the tubular liner. 

According to another aspect of the present invention, there is provided a 
wellbore casing for a wellbore, comprising: a tubular liner, the tubular liner 
formed by the process of: expanding an expandable tubular using an expansion 
device v^thin the wellbore by injecting a fluidic material into the expandable 
tubular through the interior of the expansion device and pressurising an interior 
portion of the expandable tubular; and an annular body of a cured fluidic 
sealing material coupled to the tubular liner; wherein the expandable tubular 
comprises: a first tubular portion having a first inside diameter, a second tubular 
portion having a second inside diameter; and an intermediate tapered tubular 
portion for coupling the first and second tubular portions to each other; an'! 
wherein the first inside diameter is greater than the second inside die -neter; 
and wherein during the pressurising the interior portion of the expandable 
tubular is fluidicly isolated from an exterior portion of the expandable tubular. 

Brief Description of the Drawing s 

FIG. I is a fragmentary cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of 
an embodiment of an apparatus for creatir^ a casing within the new section of 
the well borehole. 



FIG. 3 is a fragmentaiy cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 3a is another fragmentary cross-sectional view iUustrating the 
Injection of a first quantity of a hardenable fluidic sealing material into the new 
section of the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of 
the well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
a portion of the cured hardenable fluidic sealing material from the new section 
of the well borehole. 



FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of apparatus for creating a 
casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member vidthin another tubular member. 

FIG. 9 Is a cross-sectional illustration of a preferred embodiment of an 
apparatus for fbiming a casing including a drillable mandrel and shoe. 

no. 9a Is another cross-sectional illustiation of Uie apparatus of FIG. 9. 

FIG. 9b is anottier cross-sectional illustration of Uie apparatus of FIG. 9. 

FIG. 9c is anottier cross-sectional illustration of tiie apparatus of FIG. 9. 



FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
^ adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandible tubular member. 
5 FIG. 1 Oc is a cross-sectional illustration of the pumping of a fluidic sealing 

material into the annular region between the tubular member and the existing 
casing. 

FIG. 1 Od is a cross-sectional illustration of the pressurizing of the interior of 
the tubular member below the mandrel 
10 FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 

member off of the mandrel. 

FIG. 1 Of Is a cross-sectional illustration of the tie-back liner before drilling 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
1 5 created using an expandible tubular member. 

FIG. I la is a fragmentary cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. 1 lb is a fragmentary cross-sectional view illustrating the placement of 
an embodiment of an apparatus for hanging a tubular liner within the new section 
20 of the well borehole. 

FIG. 1 1 c is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. lid is a fragmentary cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG. 1 le is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 1 1 f is a fragmentary cross-sectional view illustrating the completion of 
30 the tubular liner. 
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Detailed Description of the Illustrative Embodiments 

^ An apparatus and method for forming a wellbore casing within a 

subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the tubular 
member. The apparatus and method further permits adjacent tubular members 
in the wellbore to t>e joined using an overlapping joint that prevents fluid and or 
gas passage. The apparatus and method further permits a new tubular member 
10 to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. The apparatus and 
method further minimizes the reduction in the hole size of the wellbore casing 
necessitated by the addition of new sections of wellbore casing. 

An apparatus and method for forming a tie-back liner using an expandable 
1 5 tubular member is also provided. The apparatus and method permits a tie-baclc 
liner to be created by extmding a tubular member off of a memdrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials thai 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method pemnit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general. 
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Referring initially to Figs. 1*5, an embodiment of an apparatus and method 
^ for forming a wellbore casing within a subterranean formation will now be 
described. As illustrated in Fig. 1, a wellbore 100 is positioned in a subterranean 
formation 105, The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 
10 a subterranean formation is then positioned in the new section 130 of the wellbore 
100* The apparatus 200 preferably inchides an expandable mandrel or pig 205, a 
tubular member 210, a shoe 215, a lower cup seal 220, an upper cup seal 225, a 
fluid passage 230, a fluid passage 235, a fluid passage 240, seals 245, and a support 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The e^>andable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
20 embodiment, the expandable mandrel 206 comprises a hydraulic expansion tool as 
disclosed in U.S. Patent No. 5,348,096, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubular member 210 is supported Iqr the expandable mandrel 205. The 
25 tubular member 210 is expanded in the radial direction and extruded oflf of the 
expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
Oilfield Country Tubular Goods (OCTG), 13 chromium steel tubin^casing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 

30 fabricated fix)m OCTG in order to maximize strength after expansion. The inner 
and oute" diameters of the tubular manber 210 may range, for example, from 
approximately 1 .905 to 1 1 9.38 cms (0.75 to 47 inches) and 2.667 to 12 1 .92 cms 
(1.05 to 48 inches), respectively. In a preferred 



embodiment, the inner and outer diameters of the tubular member 2 1 0 range from about 
7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively 
in order to optimally provide minimal telescoping effect in the most commonly drilled 
wellbore sizes. The tubular meml>er 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 2 1 0 

is slotted, perforated, or othenvise modified to catch or slow down the mandrel 
205 when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 2 1 0 materials, the length of the 

10 tubular member 210 is preferably limited to between about 12.192 to 6,096m (40 
to 20,000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercicilly available shoes such as, for 

1 5 example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealir^ sleeve for a latch- 
down plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with the teachings of the present disclosure, in order to optimally 
guide the tubularmember 210in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overiapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 2 1 5 includes one or more through and 

side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 2 1 5 optimally injects hardenable fluidic sealing material into the 
region outside the shoe 2 1 5 and tubular member 210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 



The lower cup seal 220 is coupled to and supported by the support member 
^^dO. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available 
from Halliburton Energy Services in Dallas, TX in order to optimally block foreign 
material and contain a body of lubricant. 
10 The upper cup seal 225 is coupled to and supported by the support member 

250. The upper cup seal 225 prevents foreign materials from entering the interior 
region of the tubular member 210* The upper cup seal 225 may comprise any 
number of conventional commercially available cup seals sach as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available from Halliburton Energy Services in Dallas, TX in order to optimally 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the e^andable mandrel 205. The fluid passage 230 preferably 
extends from a position actjaoent to the surface to the bottom of the expandable 
mandrel 205. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 

25 The fluid passage 230 is preferably selected, in the casing nmning mode of operation, to 

transport materials such as drilling mud or formation fluids at flow rates and pressures ranging 
from about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 
to 9.000 psi) in order to minimize drag on the tubular member being run and to minimize surge 
pressures exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 
collapse. 

The fluid passage 236 permits fluidic materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 

lO 
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new section 130 of the wellbore 100, Huidic materials 256 forced up the fluid 

passage 230 can be released into the wellbore 100 above the tubular member 210 

thereby minimizmg surgepressures on the weUbore section 130. The fluid passage 

235 is coupled to and positioned within the support member 250. The fluid 

5 passage is iUrther fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 

opening and closing the fluid passage 235. In a preferred embodiment, the control 

valve is pressure activated in order to controllably minimize surge pressures. The 

fluid passage 235 is preferablypositionedsubstantiallyorthogonal to the centerline 
10 of the apparatus 200. . 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 11356.2355 litres^unute (0 to 3,000 
galloDs^nute) and 0 to $20.528 13 bar (0 to 9,000 psi) in order to reduce the drag on the 
{^paratus 200 during insertion into the new section 130 of ttie wellbcve 100 and to 
25 minimize surge pressures on the new wellbore section 1 30. 

The fluid passage 240 permits fluidic materials to be transported to and 
^ from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 ejqjandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereby block lurther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 206 can be 
fluidiclyisolatedfrom theregionexterior tothetubularmember210. Thispermits 
25 the interior region of the tubular member 210 below the ej^dable mandrel 205 
to be pressurized. The fluid passage 240 is prefei»bfy positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging Scorn about 0 to 
30 1 1356.2355 litres/minute (0 to 3,000 gallonsAninute) and 0 to 620.52813 bar (0 to 9,000 
psi) in order to optimally fill the annular region between the tubular member 210 and the 
^ new section 130 of the wellbore 100 with fluidic materials. In a preferred embodiment, 
the fluid passage 240 
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/includes an inlet geometry that can receive a dart and/or a ball sealing member, 
a this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubxilar member 210. The seals 245 are further positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 of the tubular member 210 to be fluidicly sealed. The seals 245 may comprise 
any number of conventional commercially available seals such as, for example, 
10 lead, nibber, Teflon"^, or qxjxy seals modified in accordance with the teachings of 

the present disclosure. In a preferred embodiment, the seals 245 are molded from 
Stratalock epo^ available from Halliburton Energy Services in Dallas, TXin order 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred embodiment, the seals 245 are selected to optimally provide 

a sufficient frictional fbrce to support the expanded tubular member 210 from the 
existing casing 116. In a preferred embodiment, the fractional force optimally 
provided by the seals 245 ranges from about 68.94757 to 68,947.57 bar (1 ,000 to 
1,000.000 Ibf) in order to optimally support the expanded tubular member 210. 

20 Thesupportmember250iscoupledtotheexpandablemandrel205, tubular 

member 210, shoe 216, and seals 220 and 225. The support member 260 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 200 into the new section 130 of the wellbore 100. In a preferred 
embodiment, the support member 250 forther includes one or more conventional 
26 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In this manner, the extrusion ofthe tubular member 210 off 
oftheexpandablBmandr6l205isfacilitated. The lubricant 275 n^y comprise any 
30 number of conventional commerciaDy available lubricants such as, for example, 
Lubriplate™, chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1600 
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Antisieze (3100) available from Climax Lubncants and Equipment Co. in Houston, 
X in order to optimally provide optimum lubrication to fadliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
mmimizesthepossibiUtyof foreign material doggingthevariousilowpassages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process. 

15 AsilhistratedinFig.3,theiluidpas8age235isthendosedandahardenable 
fluidic sealing material 305 is then pumped from a suriace location into the fluid 
^ passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 206. 
The material 305 then passes from the interior region 310 into the fluid passage 
20 240. The material 305 then exite the apparatus 200 and fills the annular region 
316 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 306 
causes the material 305 to fill up at least a portion of the annular regioi 315. 
The material 305 is preferably pumped into the annular region 3 15 at pressures 
25 and flow rates ranging, for example, fiom about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5.678.1177 litres/minute (0 to 1,500 gallons/min), respectively. The optimum flow 
rate and operating pressures vary as a function of the casing and wellbore sizes, wellbore 
section length, available pumping equipment, and fluid properties of the fluidic material 
being pumped. The optimum flow rate and operating pressure are preferably detennined 
using convoitional empirical methods. 

30 

The haidenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as. 
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for example, slag mix, cement or epoxy. ' In a preferrecl embodiment, the 
* hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Sendees in Dallas. TX in order to provide optimal support for tubular member 2 1 0 
5 while also maintaining optimum flow characteristics so as to minimize difficulties 
during the displacement of cement in the annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 315 preferably is filled with the material 305 in sufficient 
10 quantities to ensure that, upon radial expansion of the tubular member 210. the 
annular region 315 of the new section 130 of the wellbore 100 will be filled with 
material 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the w^l 
thickness and/or the outer diameter of the tubular member 2 1 0 is reduced in the 

1 5 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the weUbore with tight clearauices. Furthermore, in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 

20 filled with material 305, a plug 405, or other similar device, is introduced into the 
fluid passage 240 thereby fluidicly isolating the interior region 3 1 0 from the annular 
region 31 5. In a prefen^ed embodiment, a non-hardenable fluidic material 306 is 
then pumped into the interior region 310 causing the interior region to pressurize. 
In this manner, the interior of the expanded tubular member 2 1 0 will not contain 

25 significant amounts of cured material 305. This reduces and simplifies the cost of 
the entire process. Altematively, the material 305 may be used during this phase 
of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the expandable mandrel 205 may be raised out of the expanded portion 
of the tubular member 210. In a preferred embodiment, during the extmsion 
• process, the mandrel 205 is raised at approximately the same rate as the tubular 



member 210 is expanded in order to keep tlqa, ti^ular-mAniber ZlO^^tationary 
^ .elative to the new wellbore section ISO. In an alternative preferred embodiment, 
^ the extrusion process is commenced with the tubular member 2 10 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 206 stationary, 
5 and allowing the tubiilar member 210 to extrude ofiT of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fltud passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidicly isolate the hardenable iluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices from plugging a fluid passage such as, for example, Multiple Stage 
Cementer (MSC) latch-down plug. Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 
15 a preferred embodiment, the plug 405 comprises a MSC latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably ptmiped into the interior region 310 at pressures 
and flow rates ranging, for cxan^le, from approximately 27.579028 to 689.4757 bar (400 
20 to 10,000psi)andll3.5623to 15141.6473 Utres/ininute(30to4,000galto^ In 
this manner, the amount of hardenable fluidic scaling material within the interior 310 of 
the tubular member 210 is minimized, hi a preferred embodiment, after placement of the 
plug 405 in the fluid passage 240, the non hardenable material 306 is preferably pumped 
into the interior region 3 10 at pressures and flow rates ranging from approximately 
34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 1 1356.2355 litresAninute (40 
25 to 3,000 gallons/min) in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and firiction effects upon the tubular member 210 during the 
expansion process. Hiese effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of lubricant, and the yield strength 
^ of the tubular member 210. In general, the thicker the wall thickness, the smaller 
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then thegr«.t«theop«,«„gpr«««Wquired to earade the tubular mena»r' 
210 off of the mandnl 20S. 

Fortypi«l tubular memhereSlO, the Bttnisioi, of the tubular member210 
5 off of the e.p«,dable mandrel will bepn when the pressure of the interior «gion 
310 reaches, tor example, >fpn^utiy 34.472 to 620.528 bar (500 to 9,000 psi). 

During the artruslon process, the expandable muidrel 205 may be raised 
out of the exp«ri«i portion of the tubular m«„ber 210 at «te, ranging for 

«-P'e.^-«bout0to6iW.ec.Inaprefer«denJ»diment,durmgtheertruL 
10 P'°-".a»«P«ndablemandrel205israiaedoutufthee:,pandedpor.lonofth. 
tubular maubcr 210 at rates tanging flom sbcut 0 to 0.(S096 n>A (0 1» 2 ft/s«)in oito to 

the ,in,e re,uir«l for d» expansion process while alsopcnnitting easy conltol 

of the expansion process. 

'^'^'™'l«*<>''260ofthetubularmeober210i3e«rudedoffofthe 
15 e^psr^ n^ jOj. ^ ^ ^ ^ ^ ^ 

^ ^ '^'^ ^^"^UOot the end 

por,.on270ofth.c..ingU5toferm.nfluid«ghtoverh^pmgjoint.Thecontact 
.f Join, ^ ^ app-oxi^,,, j.447379 ,„ 

U7M5.4 bar (SO ,0 20.000 p,,. h . «abodin««. tbe c<»,.ct p,^ „f a„ 

20 •7^'»"''->««&»".ITroxinat.ly27J7M28,„68M7S7b.r(400to 10.M^ 

«*r to provi* optta pre»„to.c>i«.tb..a„ute«=di^ ™„*.rs 245 and optia-lly 
t^atanc. to aria. ,0 ^j,, ^ 



'^°«"^i^jointbetweenth..ection41D.fth.«d.tmgcaaingU5and 

an^lhudrcs«U.Inapartiarl.r,yp,etoxede»bodhn«.,,fl„.ealingmeml^ 

opt^aUyprovWeafluidicandgaaaousaealinthao^riappil^t 

^^■"«f^«-bodim«.t.theoparaangp^„a^„^^, 

b«denahefluidiemateHa.306ia.^.rolh^ 

■nandrel 20s reaches the end portion 260 of I, , «=I»JiaaBle 
30 manner th. . I» this 

the ^den release of pressure c«.sed by the complete erttntsion of the 
tubular member 210 off of the e:,pandable mandrel 205 can be minimised. In a 



preferred embodiment, the operating pressttttf is reduced m a substaniially linear 
^ ^ashion from 100% to about 10% duringtlie end of the extrusion process beginning 
when the mandrel 205 is within about 1 .524 m ( 5 feet) from completion of the extnision 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caiised by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extnision process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 1 15 is satisfactory, 
then any uncured portion of the material 305 within the expanded tubular member 
20 210 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within 
the interior of the e3q>anded tubular member 210 is then removed in a 
conventional manner iising a conventional drill string 505. The resulting new 
section of casing 510 includes the e^anded tubidar member 210 and an outer 
30 annularlayer 515 ofcured material 305. The bottom portion ofthe apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 216 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 of 
the tubular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the caslr^ 115 and the upper portion 260 of the tubular 
5 member 2 1 0 is pressure-tight and the pressure on the Interior and exterior surfaces 
of the tubular member 210 is equalized during the extmsion process. 

in a preferred embodiment, the sealing members 605 are seated within 
recesses 6 1 5 formed in the outer surface 265 of the upper portion 260 of the tubular 
member 2 1 0. In an alternative preferred emfcK)diment, the sealing members 605 are 
1 0 bonded or molded onto the outer surface 265 of the upper portion 260 of the tubular 
member 21 0. The pressure relief holes 61 0 are preferably positioned in the last few 
feet of the tubular member 210. The pressure relief holes reduce the operating 
pressures required to expand the upper portion 260 of the tubular member 210. 
This reduction in required operating pressure in turn reduces the velocity of the 
15 mandrel 205 upon the completion of Uie extrusion process. This reduction in 
velocity in tum minimizes ttie mechanical shock to the entire f^^paratus 200 upon 
the completion of the extrusion process. 

Referring now to Fig. 7, apparatus 700 for forming a casing witiiin a wellbore 
preferably includes an expandable mandrel or pig 705, an expandable mandrel or 
20 pig container 710, a tubular member 715, a float shoe 720, a lower cup seal 725, an 
upper cup seal 730, a fluid passage 735, a fluid passage 740, a support member 745, 
a body of lubricant 750, an overshot connection 755, anotiier support member 760, 
and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
25 meml)er 745. The expandable mandrel 705 is further coupled to tfie expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance witti tiie teachings of ttie present disclosure. The 
30 expandable mandrel 705 preferably comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat No. 5.348,095, the contents of 



( which are incorporated herein by reference, njodified In accoidance with the 
teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 7 1 0 is further coupled to 
5 the expandable mandrel 705. TTie expandable mandrel container 710 may be 
constmcted from any number of conventional commercially available materials 
such as. for example. Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. The expandable mandrel container 710 may be preferably 
fabricated from material having a greater strength than the material from which the 
10 tubular member 715 is fabricated. In this manner, the container 710 can be 
fabricated from a mbuiar material having a thinner wall thickness than the tubular 
member 210. TOs pennits the container 710 to pass through tight clearances 
thereby facilitating its placement within the weUbore. 

Once the expansion process b^ins, and the thicker, lower strengtii material 
IS of the tubular member 715 Is expanded, the outside diameter of the tubular 
member 715 is greater than the outside diameter of the container 710. 

The tubular member 715 Is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 Is preferably expanded in the radial 

dlrectionandextmdedoffoftheexpandablemandrel705substantiallyas described 
20 abovewithreferencetoFlgs. 1-6. The tubularmember7l5 maybe fabricated from 
any number of materials such as. for example, Oilfield Counliy Tubular Goods 
(OCTG). automotive grade steel or plastics. The tubular member 715 may be 
fabricated from OCTG. 

Thetubularmember715preferablyhasasubstantiallyannularcioss-section 

25 'n'etubuJarmember715morepreferablyhasasubstantiallyclrcuIarannuIarcn,ss. 
section. 

The tubular member 715 preferably includes an upper section 805, an 
intemiediate section 810. and a lower section BIS. The upper section 805 of the 
tubular member 715 preferably is defined by tfie region beginning in the vicinity of 
30 the mandrel container 710 and ending with tiie top section 820 of Uie tubular 
member7I5.'n,elntemiediatesection810of the tubularmember715is preferably 



( defined by the region beginning in the vicinity of the top of the mandrel container 
7 1 0 and ending with the region in the vicinity of the mandrel 705. The lov^er section 
of the tubular member 715 is preferably defined by the region beginning in the 
vicinity of the mandrel 705 and ending at the bottom 825 of the tubular memt>er 7 1 5. 
5 The wall thickness of the upper section 805 of the tubular member 7 1 5 may 
be greater than the wall thicknesses of the intermediate and lower sections 8 1 0 and 
815 of the tubular member 715 in order to optimal^ faciliate the initiation of the 
extmsion process and optimally pemnit the apparatus 700 to be positioned in 
locations in the wellbore having tight clearances. 
1 0 The outer diameter and wall thickness of the upper sectk>n 805 of the tubular 

member 715 may range, for example, from about 2.667 to 121.92 cms (1.05 to 48 
inches) and 0.31 75 to 5.08 cms (1/8 to 2 inches), respectively. The outer diameter 
and wall thickness of the upper section 805 of the tubular meml>er 71 5 may range 
from about 8.89 to 40,64 cms (3.5 to 16 inches) and 0.375 to 3.81 cms (3/8 to 1.5 
15 inches), respectively. 

The outer diameter and wall thickness of the intermediate section 8 1 0 of the 
tubular member 715 may rar^e, for example, from about 6.35 to 127 cms (2.5 to 50 
inches) and 0.15875 to 3.81 cms (1/16 to 1.5 inches), respectively. The outer 
diameter and wall thickness of the intermediate section 810 of Uie tubular member 
20 71 5 may range from about 8.89 to 48.26 cms (3.5 to 19 inches) and 0.31 75 to 3, 1 75 
cms (1/8 to 1.25 inches), respectively. 

The outer diameter and wall thickness of the lower section 815 of the tubular 
member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 50 inches) and 
0. 1 5875 to 3. 1 75 (l/1 6 to 1 .25 inches), respectively. The outer diameter and wall thickness 
25 of the lower section 8 10 of the tubular member 71 5 may range from about 8.89 to 48.26 cms 
(3.5 to 19 toches) and 0.3175 to 3.175 cms (1/8 to 1.25 inches), respectively. The wall 
Oiickness of tiie lower section 815 of ttie tubular member 715 may be fimher increased to 
increase ttie strength of the shoe 720 when drillable materials such as, for example, 
aluminum are used. 

30 The tubular member 715 preferably comprises a soHd tubular member. The end 

portion 820 of the tubular member 715 may be slotted, perforated, or otherwise modified 
to catch or slow down tiie mandrel 705 when it completes the extrusion of tubular member 
715. The length of ttie tubular member 715 may be 



( limited to minimize the possibility of buckling. For typical tubular member 715 
materials, the length of the tubular member 715 may be preferably limited to 
between about 12.192 to 6,096 m (40 to 20,000 feet in length). 

The shoe 720 is coupled to the expandable memdrel 705 and the tubular 
5 member 715. The shoe 720 may include the fluid passage 740. The shoe 720 may 
include an inlet passage 830, and one or more jet ports 835. The cross-sectional 
shape of the inlet passage 830 may be adapted to receh^e a latch-down dart, or 
other similar elements, for blockir^ the Inlet passage 830. The interior of the shoe 
720 preferably includes a body of solid material 840 for increasing the strength of 
10 the shoe 720. The body of solid material 840 preferably comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal 11 Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 720 may comprise an aluminum 
15 down-jet guide shoe with a sealing sleeve for a latch-down plug available from 
Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimize guiding the tubular 
member 715 in the wellbore, optimize the seal between the tubular member 715 
and an existing wellbore casing, and to optimally faciliate the removal of the shoe 
20 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials fiiom entering the interior 
region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
25 seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. The lower 
cup seal 725 may comprise a SIP cup, available from Halliburton Energy Services 
in Dallas, TX in order to optimally provide a debris bam'er and hold a body of 
lubricant. 

30 The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 

3.» 



( number of conventional commercially available cup seals such as, for example. TP 
cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of the present disclosure. The upper cup seal 730 may comprise a SIP 
cup available from Halliburton Energy Sendees in Dallas. TX in onler to optimally 
5 provide a debris banier and contain a body of lubricant. 

The fluid passage 735 permits fluldic materials to be transported to and from 
the interior region of the tubular member 71 5 below tiie expandable mandrel 705. 

Thefluidpassage 735isfluidiclycoupled to ttie fluid passage740.'niefluidpassage 
735 is preferably coupled lo and positioned within the support member 760, the 

10 5"PPOrtmember745.themandrelcontainer710,andUieexpandablemandrel'705 
The fluid passage 735 preferably extends from a position adjacent to the surface to 
the bottom of ttie expandable mandrel 705. The fluid passage 735 is preferably 
positioned along a centerline of Uie apparatus 700. The fluid passage 735 is 
preferably selected to transport materials such as cement, drilling mud or epoxies 

15 atflowratesandpressuresranginsfromaboutl51.4164toll356.2355Iities/minute 
(40 to 3.000 gallons/minute) and 34.473 to 620.52813 bar (500 to 9.000 psi) in oitter 
to provide sufilclent operating pressures to extnide tiie tubular member 715 off of 
tile expandable mandrel 705. 

As described above witti reference to Figs. 1^. during placement of the 
20 appamtus 700 witfun a new section of a wellbore. fluidic materials forced up the 

fluid passage 735can be released into tiieweUbore above ti.e tubular member715 
The apparatus 700 further includes a pressure release passage tiiat is coupled to 
and positioned within tfie support member 260. The pressure release passage is 
further fluldicly coupled to Oie fluid passage 735. The pressure release passage 

25 preferably includes a control valve for controllably opening and closing the fluid 
passage. The control valve may be pressure activated in order to controllably 
minimize suige pressures. The pressure release passage is preferably positioned 
substantially orthogonal to tiie centeriine of tiie apparatus 700. The pressure 
release passage is preferably selected to convey materials suchascement. drilling 

30 mud or epoxies at flow rates and pressures ranging from about 0 to 1892 7059 
litres/minute (0 to 500 gallons/minute) and 0 to 68.94757 bar (0 to 1,000 
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psi) in order to reduce the drag on the apparatus 700 diiring'inseftion into a new 
^ section of a wellbore and to niinimize surge pressures on the new wellbore section. 

The nuid passage 740 permits fluldic materials to be transported to and from 
the region exterior to the tubular member 715. The fluid passage 740 Is preferably 
5 coupled to and positioned within the shoe 720 in fluidic communlcaUon with the 
interlorreglonofthelubularmember715beIowtheexpandable mandrel 705. The 
fluid passage 740preferably hasacross-sectfonal shape thatpemiitsaplug.orother 
similar device, to be placed In the inlet 830 of the fluid passage 740 to thereby block 
fiirtherpassage of fluidic materials. In this manner, the interior region of the tubular 
10 member715belowtheexpandablemandrel705canbeoptimallyfluidiclyisolated 
from the region exterior to the tubular member 71 5. This pennits the interior region 
of the tubular member 715 below the expandable mandrel 205 to be pressurized. 

The fluid passage 740 is preferably positioned substantially along the 
centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
15 convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 11356.2355 litres/minute (0 to 3,000 
gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) In order to optimally fill an 
annular region between the tubular member 71 5 and a new secUon of a wellbore 
with fluidic materials. The fluid passage 740 may Include an inlet passage 830 
20 having a geometry that can receive a dart and/or a ball sealing member. In this 
manner, the fluid passage 240 can be sealed off by introducing a plug, dart and/or 
ball sealing elements into the fluid passage 230. 

The apparatus 700 further includes one or more seals 845 coupled to and 
supported by the end portion 820 of tfie tubular member 715. The seals 845 are 

25 furtherpositionedonanoutersurfaceofttieendportion820ofthetubularmember 
715. The seals 845 pemUt the overiapping iolnt between an end portion of 
preexisting cas/ng and tiie end portion 820 of ttie tubular member 71 5 to be fluidlcly 
sealed. The seals 845 may comprise any number of conventional commercially 
available seals suchas, for example, lead, nibber. Teflon™, or epoxy seals modified 

30 in accordance wittt tfie teachings of the present disclosure. The seals 845 may 
comprise seals molded from StrataLock epoxy available from Halliburton Energy 
Sendees in Dallas, TX in order to optimally provide a hydrauUc seal and a load 
bearing 
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( interference fit in the overlapping joint between the tubular member 715 and an 
existing casing with optimal load bearing capacity to support the tubular member 
715. 

The seals 845 may be selected to provide a sufficient frictional force to 
5 support the e]q>anded tubular member 7 1 5 fi:om the existing casing. The frictional 
force provided by the seals 845 may range from about 68.94757 to 68^47.57 bar 
(1 ,000 to 1 ,000,000 Ibf) in order to optimally support the expanded tubular member 
715. 

The support member 745 is preferably coupled to the expandable mandrel 
10 705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strer^th to cany the apparatus 700 
into a new section of a wellbore. The support member 745 may comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coDed tubing or other high strength tubular modified in 
1 5 accordance with the teachings of the present disclosure. The support nnember 745 
may comprise corwentlonal driO pipe available from various steel mills in the United 
States. 

A body of lubricant 750 may be provided In the annular region above the 
expandable mandrel container 710 within the interior of the tubular member 71 5. 
20 In this manner, the extnision of the tubular member 715 off of the expandable 
mandrel 705 is facilitated. The lubricant 705 may comprise any number of 
conventional commercially available lubricants such as, for example, Lubriplate, 
chlorine based lubricants, oil based lubricants, or CUmax 1500 Antisieze (3100). The 
lubricant 750 preferably comprises Oimax 1500 Antisieze (3100) available from 

25 HalliburtonEnergyServicesinHouston,TXinordertoopdmallyprovide lubrication 
to faciliate the extrusion process. 

The overshot connection 755 is coupled to the support member 745 and the 
support member 760. The overshot connection 755 preferably permits the support 
member 745 to be removably coupled to the support member 760. The overshot 
30 connection 755 may comprise any number of conventional commerciallyavailable 



( overshot connections such as» for example* Innerstring Sealing Adapter, Innerstring 
Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger The overshot connection 
755 preferably comprises a Innerstring Adapter with an Upper Guide available from 
Halliburton Energy Services in Dallas, TX. 
5 The support member 760 is preferably coupled to the overshot connection 

755 and a surface support structure (not illustrated). The support member 760 
preferably comprises an annular memt>er having sufHclent strength to cany the 
apparatus 700 into a new section of a wellbore. The support member 760 may 
comprise any number of conventional commercially available support members 
1 0 such as, for example, steel drill pipe, coiled tubing or other high strer^th tubulars 
modified In accordance v\dth the teachings of the present disclosure. The support 
member 760 preferably comprises a conventional drill pipe available from steel 
mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
1 5 stabilizer 765 also preferably stabilizes the components of the apparatus 700 within 
the tubular member 715. The stabilizer 765 preferably comprises a spherical 
member having an outside diameter that is about 80 to 99% of the interior diameter 
of the tubular member 715 in order to optimally minimize buckling of the tubular 
member 715. The stabilizer 765 may comprise any number of conventional 
20 commercially available stabilizers such as, for example, EZ Drill Star Guides, packer 
shoes or drag blocks modified in accordance with the teachings of the present 
disclosure. The stabilizer 765 may comprise a sealing adapter upper guide available 
from Halliburton Eneigy Services in Dallas, TX. 

The support meml>er5 745 and 760 may be thoroughly cleaned prior to 
25 assembly to the remaining portions of the apparatus 700. In this manner, the 
introduction of foreign material into the apparatus 700 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 700. 

Before or after positioning the apparatus 700 within a new section of a 
30 wellbore, a couple of wellbore volumes are circulated 
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( through the various flow passages of the apparatus 700 in order to ensure that no 

foreign materials are located within the wellbore that might cJog up the various flow 
passages and valves of the apparatus 700 and to ensure that no foreign material 
interferes with the expansion mandrel 705 during the expansion process. 
5 The apparatus 700 may be operated substantially as described above with 
reference to Figs. 1-7 to form a new section of casing within a weBboie. 

As Ulustrated in Rg. 8, in an alternative preferred embodiment, the method 
and apparatus described herein is used to repair an existing wellbore casing 805 by 

fomningatubuhr llner810insideof the existing wellborecasing 805. Inaprefeired 
10 embodiment, an outer annular lining of cement is not provided in the repaired 
section. In the altemative preferred embodiment, any number of fluldic materials 

can be used to expand tfie tubular linerSlOintointimatecontact with the damaged 
section of the wellbore casing such as. for example, cement, epoxy. slag mix. or 
driUing mud. In the altemative preferred embodiment, sealing members 815 are 
15 preferably provided at both ends of tiie tubular member in order to optimally 
provide a fluidic seal. In an altemative preferred embodiment, the tubular Hner 8 10 
is formed within a horizontally positioned pipeline section, such as those used to 

transport hydrocart>onsorwater, with the tubularliner810placedinanoveriapping 
relationship witii the adjacent pipeline section. In this manner, underground 
20 pipelines can be repaired witiiout having to dig out and replace the damaged 
sections. 

In anotiier altemative preferred embodiment, the method and apparatus 
described herein is used to direcOy line a weUbore ivith a tubular liner 810. In a 
preferred embodiment, an outer annular lining of cement is not provided between 
25 the tubular liner 810 and tiieweObore. In ti.e altemative preferred embodiment 
any number of fluldic materials can be used to expand Uie tubular liner 810 into 
intimate contact witii ti.e wellbore such as. for example, cement, epoxy. slag mix, 
or drilling mud. 

Referring now to Figs. 9. 9a, 9b and 9c. a preferred embodiment of an 



( apparatus 900 for forming a wellbore casing includes an expandible tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe 
908. In a preferred embodiment, the design and construction of the mandrel 906 
and shoe 908 permits easy removal of those elements by drilling them out In this 
5 manner, the assembly 900 can be easily removed from a v/ellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably includes an upper portion 
9 1 0, an intermediate portion 9 1 2 and a lower portion 9 1 4. During operation of the 
apparatus 900, the tubular member 902 is preferably extmded off of the mandrel 
1 0 906 by pressurizing an interior region 966 of the tubular member 902. The tubular 
member 902 preferably has a substantially annular cross-section. 

In a particularly preferred embodiment, an expandable tubular member 9 1 5 
Is coupled to the upper portion 910 of the expandable tubular member902. During 
operation of the apparatus 900, the tubular member 91 5 is preferably extmded off 
1 5 of the mandrel 906 by pressurizing the interior region 966 of the tubular member 
902, The tubular member 9 1 5 preferably has a substantially annular cross-section. 
In a prefen^d embodiment, the wall thickness of the tubular member 9 1 5 is greater 
than the wall thickness of the tubular memt>er 902. 

The tubular member 91 5 maybe fabricated from any number of conventtonal 
20 commercially available materials such as, for example, oilfield tubulars, low alloy 
steels, titanium or stainless steels. In a prefened embodiment, the tubular member 
91 5 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular member 902. In a particularly 
preferred embodiment, the tubular member 915 has a plastic yield point ranging 
25 from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi) in order to optimally 
provide approximately the same yield properties as the tubular member 902, The 
tubular member 915 may comprise a plurality of tubular members coupled end to 
end. 

In a preferred embodiment, the upper end portion of the tubular member 
30 9 1 5 includes one or more sealir^ members for optimally providing a fluidic and/or 
gaseous seal v^th an existing section of wellbore casing. 
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^ Ina prefeTOd embodimeni, the cftmbihed te^^tkif tto-ibtiiarmernb«s902 

and 915 are limlied to mininnfae fte possiblllflr of buckHng. For Epical tubular 
member materials, .he combined lenglh of the tubular members 902 and 915 are 
luraled to between about 12.192 to 6>096m (40 to 20,000 feet) in length 

S ■^«"««'PO>lion9l4ofthetubularmember902ispreferablycoupled.othe 

shoe908byathreadedconnecUon968.Tl,einlem.ediatepo.tlon912ofthe tubular 
member 902 preferably Is placed In intimate sliding contact with the mamlrel 906 

Thetubuiarmember902maybefabrtcatedliomany„umberofconventio„al 
commercially available materials such as, for example, oiffleld tubulars, low alloy 

10 steels.tltaniumors,ainlesssteels. lnaprefenedembodimen.,.hetubularmember 
902 B fabricated from oilBeld tubulars in order to opUmally p^vide appwximately 
the same mechanical properties as the tubular member 915. In a parUcularl, 
preferred embodiment, the tubular member 902 has a plastic yield point ranging 

fromabou. 275.9028 to9307.92l95bar(40.000,ol35,000psi)ino.der,oop.imally 
15 P«»*'eapproximatelylhesameyleklproper.iesasthetubularmember9I5 

■^'">«'Wcl<ne5softheupper,lntenn«liate,M«llow.,po.,ions,9IO,9l2aml9I4 
Of the ^bu.a,n,en,ber902m.yr»g..,„r.xampl.. ftom about 0.625 ,.3..l c„«(,/,6 to 

20 3 ""T™ '"■""^'"^"-^ "-ember 902 ™ng. ftom about 0.3175 ,„ 
20 3.75cmsa/8,o..25i„ch.s) ln<»d.r to cpUreally provide w,.,Nck„es. that « about 
.hesameastha.ubu>a,m.„ber915.In,pre,em«,.m,^„^^^^„_ 

•owe, por^on 914 is ,e» than or «,u.„o .he wal, thldcness o, the upper porton 9,o i„ 
order to opt^atly ^ , g.^^ ^ ^ ^, ^ 

25o,tt..uhu,„menrt«9«2„«y»^,,or«^p,e.,re™,bou,2.667,o.2,.92c™s(,.05 
to48,nch.s). .n.prefe^demboataen,^^,^^^^^^^^ 

rj'"Tr°^''°'''''™''""'*''"'''^-'^^™«e.remabou.8.89,o 

48.26 cms (3«,o 19 inches) l„„,*„oop«mallyprevid4 the abUtyf expand the most 
commonly used oilfield tubulare. 



^ The length of the tubular member 902 is preferably limited to between about 

0.6096 to 1.524 m (2 to 5 feet) in older to optimally provide enough lengfli to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 commerdaUy available tubular members modified in accordance with t^^ 

of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various U.S. steel mills. 
The tubular member 915 may compriro any niunber of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. Inapreferredembodiment,thetubularmember915comprises 
Oilfield Countzy Tubular Goods available fh)m various U.S. steel mills. 

The various elements of the tubular memb^ 902 m^ be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined firom one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 916 may be coupled using any 
niunber of conventional process such as, for example, threaded connections, 
welding or machined firom one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubxxlar members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined firom one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially flnm ilflr cross-section. 
30 The support member 904 may be fabricated fi'om any number of 

conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 

35^ 
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^ embodiment, the support member 904 is fabricated from low alloy steel in order 

to optimaUy provide high yield strength*. 

The innerstring adaptor 916 preferably is coupled to and supported by a 

conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 

connection 970. 

The fluid passage 918 is preferably used to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicly coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to convey hardenable fluidic sealing materials to and from the 
apparatus 900. In a particularly preferred embodiment, the fluid passage 918 may 
include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging torn about 0 to 620.S28 13 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 915* Theupperguide920may comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstring adapter available from Halliburton Energy Services in Dallas, TX order 
to optimally guide the apparatus 900 within the tubular member 915. 
25 The coupling 922 couples the support member 904 to the mandrel 906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 

30 
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^ 934, an extension sleeve 936, a spacer 938*1* housing 940) a sealing sleeve 942, an 
^ tipper cone retainer 944. a lubricator malidrel 946, a lubricator sleeve 948, a gi^de 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entiy of 

foreign materialsinto the interiorregion 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as. for example, TP cups or Selective 
16 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Hallibmrton Energy Services in Dallas. TX in 
^ order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 
20 the interfeoe between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 916. The lubricant may comprise any 
number ofconventional commercially available lubricants such as. for example, 
Lubriplate™, chlorine based lubricants, oil based lubricants or Climax 1500 Antiseize 

OlOOXInapreferred embodiment, thelubricant comprises Climaxl500Antiseize 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston. TX in 
order to optimally provide lubrication to fedliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 

of cement932.thelower guide 934. the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900. the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
^ °f«ieexpansioncone928ispreventedbythelowerconeretainer9a0,housing940 



and the upper cone retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. 
The outside diameter of the expansion cone 928 is preferably tapered to provide a 
cone shape. The wall thickness of the expansion cone 928 may range, for example, 
5 from about 0.31 75 to 7.62 cms (0. 1 25 to 3 inches). In a preferred embodiment, the 
wall thickness of the expansion cone 928 ranges from about 0.635 to 1.905 cms 
(0.25 to 0.75 inches) in order to opUmally provide adequate compressh^e strength 
with minimal material. The maximum and minimum outside diameters of the 
expansion cone 928 may range, for example, bom about 2.54 to 1 19.38 cms (1 to 
10 47 inches). In a preferred embodiment, the maximum and minimum outside 
diameteis of the expansion cone 928 range from about 8.89 to 48.26 cms (3.5 to 19 
Inches) in order to optimally provide expansion of generally available oilfield 
tubulars 

The expansion cone 928 maybe fabricated from any number of conventional 
15 commerclallyavailablematerialssuchas, forexample, ceramic, toolsteel, titanium 
or low altoy steel. In a prefened embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface hardness of ttie outer surface of the expansion cone 928 may range, for 
example, from about 50 Rockwell C to 70 Rockwell C. In a preferred embodiment. 
20 the surface hardness of ttie outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 RockweU C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a preferred embodiment, axial movement of tiie expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lowercone retainer 
930 has a substantially annular cross-sectioa 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commercially available materials such as, for example, ceramic, tool 
steel, titanium or low alloy steel. In a prefened embodiment, the lower cone 
retainer 930 is fabricated from tool steel In order to optimally provide high strength 
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^ and abrasion resistance. The surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 RockwelJ C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrcision resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
1 0 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably males with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
1 5 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercially available cement compounds. Alternatively aluminum, cast iron or 
some other drillable metallic, composite, or aggregate material maybe substituted 
for cement The tx>dy of cement 932 preferably has a substantially aimular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation of the apparatus 900, tfie lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902 . The lower guide 
934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steel In a prefened embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. The 
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^ outersurface of the lowerguide 934 preferably mates with the inner surface of the 
tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupled to the lowerguide 934 and the housing 
940. During operation of the apparatus 900. the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. The 
extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as. for example, oilfield 
tubulars. low alloy steel or stainless steel. In a prefeired embodiment, the 
10 extension sleeve 936 is fabricated ftom lowalloy steel in order to optimaHy provide 
high yield strength. The outersurface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
fonned as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 

commerciallyavailablematerialssuchas.forexample.steel.a]uminumorcastiron. 
m a preferred embodiment, the spacer 938 is fabricated from aluminum in order 
to optimaUy provide drillability. The end of the spacer 938 preferably mates with the 
25 end ofthe extension tube 960. In a preferred embodiment, the spacer 938 and the 
sealing sleeve 942 are fomied as an integral one-piece element in order to reduce 
the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934. extension sleeve 936, 
expansion cone 928. body of cement 932. and lower cone retainer 930. During 
30 operation of the apparatus 900. the housing 940 preferably prevents inner radial 
motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 



^ The housing 940 may be fabricated from any number of conventional 

commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steel. In a prefen^ed embodiment^ the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a prefen^ed 
5 embodiment, the lower guide 934. extension sleeve 936 and housing 940 are 
formed as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In a particularly prefen^ed embodiment, the interior surface of the housing 
940 includes one or more protrusions to faciliate the connection between the 
1 0 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast iron. 
In a preferred embodiment, the sealing sleeve 942 is fabricated from aluminum in 
20 order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protmsions to faciliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing sleeve 
25 942 are integrally formed as a one-piece element in order to minimize the number 
of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial motion of the expansion 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular cross- 
section. 
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^ The upper cone retainer 944 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 is 
fabricated from aluminum in order to optimally provide drillability of the upper cone 
5 retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and minimize the amount 
10 of material that would have to be drilled out. 

The lubricator mandrel 946 is coupled to the retainer 924. the rubber cup 926, 
the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. During 
operation of the apparatus 900, the lubricator mandrel 946 preferably contains the 
body of lubricant in the annular region 972 for lubricating the interface between the 
1 5 mandrel 906 and the tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is 
20 fabricated from aluminum in order to optimally provide drillability of the lubricator 
mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper cone retainer 944. the lubricator sleeve 
948, and the guide 950. During operation of the apparatus 900. the lubricator sleeve 

25 948 preferably supports the mbber cup 926. Preferably, the lubricator sleeve 948 
has a substantially annular cross-sectioa 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 

30 fabricated from aluminum in order to optimally provide drillability of the lubricator 
sleeve 948. 
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^ As illustrated in Fig. 9c. the lubricator steeve 948 is supported by the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the nibber cup 926. The 
retainer924couples the rubber cup 926 to the lubricator sleeve 948. In apreferred 
embodiment, seals 949a and 949b are provided between the lubricator mandrel 
5 946. lubricator sleeve 948, and mbber cup 926 in order to opUmally seal off the 
interior region 972 of the tubular member 902. 

The guide 950 Is coupled to the lubricator mandrel 946, the retainer 924, and 
the lubricator sleeve 948. During operaUon of the apparatus 900. the guide 950 
preferably guides the apparatus on the support member 904. Preferably, the guide 
10 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional 

commerciallyavailable materials suchas,forexample,steel.aluminumorcastlron. 
In a prefened embodiment, the guide 950 is fabricated from aluminum onler to 
optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operaUon of the 

apparatus, the fluid passage 952 preferably conveys haidenable fluidic materials. 
In a preferred embodiment, the fluid passage 952 Is posiUoned about the centerline 
of the apparatus 900. In a particulariy preferred embodiment, the fluid passage 952 

Isadaptedtoconveyhardenable fluidic materialsal pressures and flow rate ranging 
20 from about 0 to 620.52813 bar (0 to 9,000 psi) and 0 to 1 1356.2355 litresMiinute (0 
to 3,000 gallons/min) in order to optimally provide pressures and flow rates to 
displace and circulate fluids during the installation of Uie apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as. for example, ttireaded connections, welded 
25 connectionsorcementing. In apreferred embodiment, Uie various elements of the 
mandrel 906 are coupled using ttireaded connections and cementing. 

Tlie shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958. an extension tube 960, a fluid passage 962, and one or more 
outiet jets 964. 

30 The housing 954 is coupled to ttie body of cement 956and tiie lowerportion 

9 1 4 of the tubular member 902. During operation of tfie apparatus 900, ttie housing 
954 preferably couples the lower portion of Oie tubular member 902 to the shoe 908 
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to facilitate the extrusion and positioning of the tubular member 902. Preferably, 
^ the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 prefen^ed embodiment, the housing 954 is fabricated from aluminum in order to 
optimally pro\dde drillabilify of the housing 954. 

In a particularly preferred embodiment, the interior surface of the housing 
954 includes one or more protrusions to faciliate the connection between the body 
of cement 956 and the housing 954. 
1 0 The body of cement 956 is coupled to the housing 954, and the sealing sleeve 

958. In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960. the fluid passage 962, and one or more outlet jets 964. During operation 
20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage962 and 
then into the outlet jets 964 in order to inject the hardenable fluidic material into an 
annular region external to the tubular member 902. In a preferred embodiment, 
during operation of the apparatus 900, the sealing sleeve 958 further includes an 
25 inlet geometry that pemiits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958, In this manner, the fluid passage 962 may be 
blocked thereby fluidicly isolating the interior region 966 of the tubularmember902. 

In a prefen-ed embodiment, the sealing sleeve 958 has a substantially annular 
cross-section. The sealing sleeve 958 may be fabricated from any number of 
30 conventional commercially avsulable materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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^ fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

'~ The extension tube 960 is coupled to the sealing sleeve 958, the fluid 

passage 982, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to conv^ a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to ii^'ect the hardenable fluidic material into an annnW 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 Aulher includes an inlet 
10 geometry that permits a Mnventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidicly isolating the interior region 966 of the tubular member 902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the ^acer 938 m order to cq>timally fadliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fabricated firom any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 
20 fabricated from aluminum m order to optimally provide driUabiUty of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conv^ hardenable fluidic materials. In a 
25 preferred embodiment, the fluid passage 962 is positioned about the centerlme of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 620.52813 bar (0 to 9,000 psi) and 0 to 1 1356.2355 (0 to 3,000 
gallons/min) in order to optimaUy provide fluids at operationaUy efficiwit rates. 
30 The outlet jets 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
^ jets 964 preferabjy convey hardenable fluidic material from the fluid passage 962 



^ to the region exterior ofthe apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in order to simpliiy the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Rga W to create a new section of casing in a 
weUbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a weUbore into a subterranean formation, 
a drill string is used in a well known manner to driU out material from the' 
16 subterranean formation to form a new section. 

The apparatus 900 for fonning a weUbore casing in a subterranean 
formation is then positioned in the new section of the weUbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915 In a 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surf^ace location into the fluid passage 918 The 

hardenablefluidicsealingmaterialthenpassesfromthefluidpassageOlSintothe 
interior region 966 of the tubular member 902 below the mandrel 906 The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 -PP-atus 900 via the outlet jets 964 and fflls an annular region between the 
exteriorofthetubularmember902andtheinteriorwaUofthenewsedionofthe 
weUbore. Continued pumjHngofthehanlenable fluidic seaUng material causes the 
material to fiU up at least a portion of the amiular region. 

The hardenable fluidic sealing material is preferably pumped into the 
.n^rc^n at p«ssuz« „d flow„«« for ««unp,c. fron. about 0 to 344.73785 bar (0 to 5 000 

PS.) and 0 to 5678.1,77 ,o . 1,00 «aW^, ^^pectively. I. a p„fe^ 

thchardcnablc fluidic scali„gn.terid is pun^i^totbeann^ 
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^ and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as. 
for example, slag mix, cement or epoxy. In a prefen-ed embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well secUon being lined available from Halliburton Energy 
Services in DaUas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 

operational difficulties during the displacement of the cementin the annular region. 
The optimum composition of the blended cements is preferably detemiined using 
15 conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the tubular 
member 902, the annular region of the new section of the wellbore will be filled 
with hardenable material. 
20 Once the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974. or other similar device, preferably is introduced 
into the fluid passage 962 thereby fluidicly isolating tiie interior region 966 of the 
tubular member 902 from the external annular region. In a preferred embodiment, 
a non hardenable fluidic material is then pumped into the interior region 966 
25 causing the Interior region 966 to pressurize. In a particularly preferred 
embodiment, the plug or dart 974. or other similar device, preferably is introduced 
into the fluid passage 962 by introducing the plug or dart 974. or other similar device 
into the non hardenable fluidic material. In this manner, the amount of cured 
material within the interior of the tubular members 902 and 915 is minimized. 
30 Once the interior region 966 becomes sufficiently pressurized, the tubular 

mennbers 902 and 915 are extmded off of the mandrel 906. The mandrel 906 may 



^ be fixed or it may be expendible. During the extrusion process, the mandrel 906 
IS raised out of the expanded portions of the tubular membeis 902 and 916 using 
the support member 904. Duringthis extrusion process, the shoe 908 ispreferably 
substantially stationaiy. 

5 The phig or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as. 
for example. Multiple Stage Cementer (MSG) latch-down plug. Omega latch-down 
10 plug or three-wiper latch down plugmodified in accordance with the teachings of 
thepresent disclosure. Inapreferred embodiment, theplugor dart 974 comprises 

aMSClatch.downplugavailablefh)mHamburtonEnergy Services inDallas.TX. 

After placement of the plug or dart 974 in the fluid passage 962, the'non 
hardenable fluidic material is preferabty pumped mto the interior i^on 966 at 
15 P-^«^« flow rates ranging fiom appK,xixnately 34.473 to 620.52813 bar (500 to 
9.Q0OPSO and 151.4164 to 11356.2355 Utres/nunute (40 eo 3.000 ga^^^^ 
optimally extrude the tubular members 902 and 915 off of the mandrel 906 

For tjpical tubular n«n*« 902 and 9,5. the cx.™sion of the tubular 902 and 9,5 off 

Of c^a^le n^ei begin when the pressure of the interior r.^ 966 rc«:hcs .pp„.^, 

90 Off Of the ^el 906 begins ^ ^ p^essure of the inteHor 

4731.7648 btresAninute (40 to 1250gallons/iiiiiiute). 

mffldrd 906 ,s ™«d oo, of fte «^ ^fO^ t^r^i^ 902 and 915 

at m« raogmg io^ o ^ 0.6096 m/s (0 to 2 fl/«c) in orfer to optimally p„vide 

pmi,.gap«dfa««„ughtop««,eflici„,opo«i..„dpe^,^ 

^ ».a.n,«>b« 902 anO 915pri.r,o «i.g ofthci^b fluiaic Zin,^^- 



When the upper end portion of the tubular member 915 is extruded off of the 
mandrel 906, the outer surface of the upper end portion of the tubular member 91 5 
will preferably contact the interior surface of the lower end portion of the existing 
casing to form an fluid tight overiapping joint. The contact pressure of the 
5 overiapping joint may range, for example, from approximately 3.447379 to 
1 ,278.95 1 4 bar (50 to 20,000 psi). In a preferred embodiment, the contact pressure 
of the overiapping joint between the upper end of the tubular member 915 and the 
existing section of wellbore casing ranges from approximately 27.579028 to 
689.4757 bar (400 to 10,000 psi) in order to optimally provide contact pressure to 
1 0 activate the sealing members and provide optimal resistance such that the tubular 
member 9 1 5 and existing welll>ore casing will cany typical tensile and compressive 
loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material will be controllably ramped down when tiie mandrel 

15 906 reaches ttie upper end portion of ttie tubular member 91 5. In this manner, the 
sudden release of pressure caused by ttie complete extrusion of ttie tubular 
member 915 off of Uie e;q>andable mandrel 906 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 

20 the mandrel 906 has completed approximately all but about ttie last 1 .524m (5 feet) 
of the extmsion process. 

In an alternative preferred emtXKliment, the operating pressure and/or flow 
rate of ttie hardenable fluidic sealing material and/or ttie non hardenable fluidic 
material are controlled during all phases of tfie operation of the apparatus 900 to 

25 minimize shock. 

Alternatively, or In combination, a shock absori>er is provided in the support 
member 904 in order to absorii) ttie shock caused by ttie sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 above ttie support member 904 in order to catch or at least decelerate ttie mandrel 
906. 

Once ttie extmsion process is completed, ttie mandrel 906 is removed from 
ttie weDbore. In a prefen^ed embodiment, eittier before or after the removal of ttie 

^v3 



^ mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 9 1 5 and the lower portion 
5 of the existing casing is satisfactory, then the uncured portion of any of the 
hardenable fluidic sealing material within the expanded tubular member 915 is then 
removed in a conventional manner. The hardenable fluidic sealing material v^'thin 
the annular region between the expanded tubular member 915 and the existing 
casing and new section of welibore is then allowed to cure. 
1 0 Preferably any remaining cured hardenable fluidic sealing material within the 

ir^terior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing preferably includes the expanded tubular members 902 and 915 and an 
outer annular layer of cured hardenable fluidic sealing material. The bottom portion 
1 5 of the apparatus 900 comprising the shoe 908 may then be removed by drilling out 
the shoe 908 using conventional drilling methods. 

In an altemative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the Interior of the welibore due 
to a m£dfunctioa In this circumstance, a conventional drill string is used to drill out 
20 the interior sections of the apparatus 900 in order to facilitate the removal of the 
remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and-, 
aluminum, that perrrut a conventional drill string to be employed to drill out the 
Interior components. 
25 In particular, in a preferred embodiment, the composition of the interior 

sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer938, the sealing sleeve 942, the upper cone retalner944, the 
lubricator mandrel 946, the lubricator sleeve 948. the guide 950. the housing 954, the 
body of cement 956, the sealing sleeve 958, and the extension tube 960, are 
30 selected to permit at least some of these components to be drilled out using 
conventional drilling methods and apparatus. In this manner, in the event of a 



^ malfuncUon downhole. the apparatus ^ 90*0 may be' easily* removed from the 
weJIbore. 

Refening now to Figs. 10a, 10b. 10c, lOd. lOe. lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
5 illustrated in Fig. lOa.awellbore 1000 positioned in a subterranean fomiation 1002 
includes a first casing 1004 and a second casing 1006. 

The first casing 1 004 preferably includes a tubular liner 1 008 and a cement 
annuJus 1010. The second casing 1006 preferably includes a tubular liner 1012 and 
a cement annulus 1014. In a preferred embodiment, the second casing 1006 is 
10 fomied by expanding a tubular member substantially as described above with 
reference to Figs. I -9c or below with reference to Figs. 11 a-1 1 f. 

In a particularly preferred embodiment, an upper portion of the tubular liner 
1012 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
15 1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

Refemng to Fig. 1 Ob. in order to create a Ue-back liner that extends from the 
overlap between the first and second casings. 1004 and 1006. an apparatus 11 00 is 
preferably provided that includes an expandable mandrel or pig 1 105, a tubular 
20 member 1 1 1 0. a shoe 1 1 1 5, one or more cup seals 11 20. a fluid passage ll 30. a fluid 
passage 1 1 35. one or more fluid passages 1 1 40, seals 1 M5, and a support member 
1 150. 

•me expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1 150. The expandable mandrel 1 105 is preferably adapted to 
25 controHably expand in a radial direction. The expandable mandrel 1 105 may 
comprise any number of convenUonal commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substanUally as disclosed In U.S. Pat. No. 5.348.095. the disclosure 
30 of which is incorporated herein by reference, modified in accordance with the 
teachings of the present disclosure. 
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The tubular member 1 1 1 0 Is coupled toand siqapiicmed the'expandable mandrel 
1 1 05. The tubular member 1 105 is expanded in the radial direction and extruded off of the 
expandable mandrel 1 105. The tubular member 1110 may be 

fabricated from any number of materials such as, for example, Oilfield Countiy Tubular 
5 Goods, 13 chromium tubing or plasdc piping. In a preferred embodiment, the tubular 
member 1 1 1 0 is fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters ofthe tubular member 1 1 lOmay range, for example, 
from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 121.92 cms (1.05 
to 48 inches), reqaectively. In a preferred embodiment, the inner and outer diameteis of 
10 the tubular member 1 1 10 range from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 
to 40.64 cms (3.5 to 16 inches), respectively in order to optimally provide coverage for 
typical oilfield casing sizes. The tabular member 1110 preferably comprises a solid 
member. 

In a prefen^d embodiment, the upper end portion of the tabular member 1 1 10 is 
1 5 slotted, perforated, or otherwise modified to catch or slow down the mandrel 1 105 when 
it completes the extrusion of tabular member 1110. In aprefened embodiment, the length 
ofthe tabularmember IllOislimitedtominimIze the possibiHtyofbuckling. Fortypical 
tabularmember 1 1 lOmaterials, the length of the tabularmember 1 1 lOls preferably limited 
to between about 12.192 to 6,096m (40 to 20,000 feet) in length. 
20 The shoe 1 1 151s coupled to the expandable mandrel 1 105 and the tabularmember 

1 1 10. The shoe 1 1 15 Includes the fluid passage 1 135. The shoe 1 1 15 may comprise any 
number of conventional commercially available shoes such as. for example. Super Seal n 
float shoe. Super Seal II Down-Jet floatshoe or a guide shoe witha seaUng sleeve for a latch 
down plug modified In accordance with the teachings of tiie present disclosure. In a 
25 prefeired embodiment, the shoe 1 1 IS comprises an aluminum down-jet guide shoe with 
a sealing sleeve for a latch-down phig with side ports radiating off of the exit flow port 
available from Halliburton Energy Sendees In Dallas. TX, modified In accordance with the 
teachings of the present disclosure, in order to optimally guide the tubular member 1 100 
to the overiap between the tubular member 1 100 and the casing 1012, optimally fluidlcly 
30 isolate the interior of the tabular member 1 100 after the latch down plug has seated, and 
optimally pemiit driOing out of the shoe 1115 after completion of tiie expansion and 
cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side ouUet 
ports 1 140 in fluidic communication with the fluid passage 1 135. In this manner, 



^ theshoelllSizuectehardenablefluidicsealii^ginaterialmto 

shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 

— includes one or more of the fluid passages 1 140 each having an inlet geometry that 
can receive a dart and/or a ball sealingmember. In this manner, the fluid passages 

5 1 140 can be sealed ofl'by mtrodudng a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 a4jacent to the eiipandable mandrel 1105. The cup seal 
10 1 120 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from HalUburton 
Energy Services in DaUas, TX in order to optimally provide a barrier to debris and 
IS contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 

- mandrel 1106. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 

expandable mandrel 1106. The fluid passage 1130 is preferably positioned along 

a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 

to transport materials such as cement, drilling mud or epoxies at flow rates and 

pressures ranging from about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) 

25 and 0 to 620.52813 bar (0 to 9,000 psi) in order to optimallyprovide sufficient operating 
pressures to circulate fluids at operational efficient rates. 

The fluid passage 1135 permitsfluidicmaterials to be transmittedftomfluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1106. 
The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
_ communication with the interior region of the tubular member 1110 below the 



expandable mandrel 1105. The fluid paieages 1140 *prefera(>ly*kave a cross- 
sectional shape that permits a plug, or ottier similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluididy isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular member 1110 below 
the e3q>andable mandrel 1105 to be pressurized. 

The fiidd passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or epoxies at flow rates and pressures ranging fhDm 
about 0 to 11 356.2355 Utres/minute (0 to 3,000 gallons/minute) and 0 to 62.52813 bar (0 
to 9,000 psi) in order to optimally fill the annular region between ttie tubular member 
1110 and the tubular liner 1 008 with fluidic materials. In a preferred embodiment, the 
fluid passages 11 40 include an inlet geometry that can receive a dart and/or a ball sealing 
member. In this manner, the fluid passages 1 140 can be sealed oflTby introducing a plug, 
dart and/or ball sealing elements into the fluid passage 1 130. hi a preferred embodiment, 
the apparatus 1 100 includes a plurality of fluid passage 1 140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other similar device, to permit the interior region of the tubular member 1110 
to be fluidicly isolated from the exterior of the tubular member 1110, 

. The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer sinrface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
26 overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any ntunber of conventional commercially 
available seals such as, for example, lead, rabber, Teflon™ or q>oxy seals modified 
m accordance with the teachings of the present disclosure. In a preferred 
3 0 embodiment, the seals 1146 comprise seals molded from Stratalock epoxy avaflable 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 



^ hydraulic seal in the overlapping joint and c^frtunally provide loks cahying capacity 
to withstand the range of typical tensile 'and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a sufi5cientfrictional£)rce to support the expanded tubularmember lllOfromthe 

5 tubular liner 1008. In a preferredembodiment, the ftictional force provided by the 
seals 1 145 ranges from about 68.94757 to 68, 947.57 bar (1,000 to 1,000, 000 Ibf) in tension and 
conqmssion in order to optimally support tbe expanded tubular member 1 1 10. 

The support member 1150 is coupled to the e3q)andable mandrel 1105, 
tubular member 1110, shoe 1116, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient straigth to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 ftirther includes one or more conventional centralizers (not 
illustrated) to he^ stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1160 is provided in the 
16 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. in this manner, the extrusion of the tubular member 1110 
^ oflf of the expandable mandrel 1106 is fadUtated. The lubricant 1160 may 
comprise any number of conventional commercially available lubricants such as, 
for example Lubriplate'**, chlorine based lubricants or Cliinax 1500 Antisieze (3 100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 
(3100) available ftom Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In apreferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
26 manner, themtroduction of foreign material into the apparatus 1100 is minimized. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1165 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
^materials are prevented from entering the region of the wellbore 1000 below the 



^ apparatus 1 100. The packer 1 155 irojr comprise any nutnbdr of convenUonal 
commercially available packers such as, for example, EZ Drill Packer, EZ SV Packer 
or a drillable cement retainer. In a preferred embodiment, the packer 1155 
comprises an EZ Drill Packer available from Halliburton Eneigy Semces in Dallas, 
5 TO. In an alternative embodiment, a high gel strength pill may be set below the tie- 
back in place of the packer 1 1 55. In another allemaUve embodiment, the packer 
1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the wellbore 1 100, a couple of weflbore volumes are circulated in order to 
10 ensure that no foreign materials are located within the wellbore 1000 that might 
clog up the various flow passages and valves of the apparatus 1 100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1 105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1 160 is then 
15 pumpedfromasurfacelocationintothefluid passage 1130. Thematerial 1 160 then 
passes from the fluid passage 1 1 30 into the interior region of the hjbular member 
lllObelowtheexpandablemandrelllOS. Thematerial 11 60 then passes from the 
interior regton of the tubular member 1110 into the fluid passages 1140. The 
material lieOthen exits theapparatus 1 100 and fills the annular region between the 
20 exterior of the tubular member 1 1 1 0 and the interior wall of the tubular liner 1 008. 

Continued pumping of the material 11 60 causes the material 11 60 to fill up at least 
a portion of the annular region. 

The material 1 160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5.000 psi) and 
25 0 to 5678.1 177 lltres/minute (0 to 1,500 gaDons/min), respectively. In a preferred 

embodiment, the materiallieo is pumped into the annular regfon at pressures and 
flow rates specifically des^ned for the casing sizes being mn. the annular spaces 
being filled, the pumping equipment available, and the properties of the fluid being 
pumped. The optimum flow rates and pressures are preferably calculated using 
30 conventional empirical methods. 
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^ The hardenable fluidic sealing material 1 1 6o may comprtse any number of 

conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 11 60 comprises blended cements specifically 
5 designed for well section being tied-back. available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics so as to minimize 
operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
1 0 conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1 1 10, the 
annular region uill be filled with material 1 1 60. 

As illustrated in Fig. lOd, once the annular region has been adequately filled 
1 5 with material 1 1 60, one or more plugs 1 1 65, or other similar devices, preferably are 
introduced into the fluid passages 1 140 thereby fluidicly isolating the interior region 
of the tubular member 1110 from the annular region external to the tubular member 
1110. In a preferred embodiment, a non hardenable fluidic material 1 161 is then 
pumped into the interior region of the tubular member 1 1 JO below the mandrel 
20 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1 1 65, or other similar devices, are introduced 
into the fluid passage 1 140 with the introduction of the non hardenable fluidic 
material. In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1 1 10 is nninimized. 
25 As illustrated in Fig. lOe, once the iriterior region becomes sufficiently 

pressurized, the tubular member 1 1 10 is extruded off of the expandable mandrel 
1 105. During the extrusion process, the expandable mandrel 11 05 is raised out of 
the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
30 introducing the plugs 1 1 65 into the fluid passage 1 130 at a surface locaUon in a 
convenHonal manner. The plugs 1 1 65 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
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brass balls, plugs, rubber baBs. or darts modified in accordance with the teachings of the 
present disclosure. 

In a preferred embodiment, the plugs 1 165 comprise low density mbber 
balls. In an altemathre embodiment, for a shoe 1 1 05 having a common central Inlet 
5 passage, the plugs 1 165 comprise a single latch down dart. 

After i^acement of the plugs 1 165 in the fluid passages 1 140, the non hardenable 
fluidic material 1 161 Is preferably pumped into the interior region of the tubular member 
1110 below the mandrel 1105 at pressures and How rates ranging from approximately 
34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 1 13,562.355 Utres/minute (40 to 
10 30,000 gallons/min). In a preferred embodiment, after placement of the plugs 11 65 in the 
fluid passages 1 140, the non hardenable fluidic material 1 1 61 is preferably pumped into the 
interior region of the tubular member 1110 below the mandrel 1 1 05 at pressures and flow 
rales ranging from approximately 82.737 to 586.0543 bar ( 1 200 to 8500 psi) and 1 5 1 .4164 to 
4731.7648 litres/minute (40 to 1250 gallons/min) in order to optimally provide extrusion of 
15 typical tubulars. 

For typical tubular members 1 1 10, the extrusion of the tubular member 1 1 10 
off of the expandable mandrel 1 105 will begin when the pressure of the interior 
region of the tubular member 1110 below the mandrel 1 105 reaches, for example, 
approximately 82.737 to 586.0543 bar (1200 to 8500 psi). In a preferred 
20 embodiment, the extnision of the tubular member 1 1 10 off of the expandable 
mandrel 1105 begins when the pressure of the Interior region of the tubular 
member 1110 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 
bar (1200 to 8500 psi). 

During the extnjsion process, the expandable mandrel 1 105 may be raised 
25 out of the e>q}anded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 1.524 m/s (0 to 5 ft/sec). In a preferred embodiment, 
during the extrusion process, the expandable mandrel 1105 is raised out of the 
expanded portion of the tubular member 1 1 10 at rates farming from about 0 to 
0.6096 m/s (0 to 2 ft/sec) in order to optimally provide permit adjustment of 
30 operational parameters, and optimally ensure that the extmsion process will be 
completed before the material 1 160 cures. 

In a prefenned embodiment, at least a portion 1 180 of the tubular member 
1 1 10 has an inlemal diameter less than the outside diameter of the mandrel 1 105. 
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In this maimer, when the mandrel 1 fOS eiqpands the section 1 1 80 of the tubular 
member 1 1 10, at least a portion of the expanded section 1 180 effects a seal with at 
least the wellbore casing 1012. In a particularly preferred emIxKliment, the seal is 
effected by compressing the seals 1016 between the expanded section 1 180 and 
5 the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint l}etween the expanded section 1180 of the tubular member 1110 and the 
casing 1 0 1 2 ranges from about 34.473785 to 689.6757 bar (500 to 1 0,000 psi) in order 
to optimally provide pressure to activate the sealing members 1 145 and provide 
optimal resistance to ensure that the joint will withstand typical extremes of tensile 
10 and compressive loads. 

In an altemathre preferred embodiment, substantially all of the entire lerigth 
of the hJbular member 1 1 10 has an internal diameter less than the outside diameter 
of the mandrel 1 105. In this manner, exUusion of the tutnilar member 1 1 1 0 by the 
mandrel 1 105 results in contact l>etween substantially all of the expanded tubular 
1 5 memt>er 1110 and the existing casing 1 008. In a preferred embodiment, the contact 
pressure of the joint between the expanded tubular member 1110 and the casings 
1008 and 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10,000 psi) in 
order to optimally provide pressure to activate the sealing meml>ers 1145 and 
provide optimal resistance to ensure Uiat the joint will v^thstand typical extremes 
20 of tensile and compressive loads. 

In a preferred emtxxliment, the operating pressure and flow rate of the 
material 1 161 is controllably ramped down when the expandable mandrel 1 105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
sudden release of pressure caused by the complete extmslon of the tubular 
25 member 1110oirofthee;q>andablemandreI1105canbemiriimi2^ Inapreferred 
embodiment, the operating pressure of the fluidic material 1 161 is reduced in a 
substantially linear fashion from 1 00% to about 1 0% during the end of the extrusion 
process beginning when the mandrel 1 105 has completed approximately all but 
al)out 1.524m (5 feet) of the extmsion process. 
30 Alternatively, or in combination, a shoclc absorber is provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 
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^ Alternatively, or in combination, « fnahdrel catclhing slrudture isprovided in 

the upper end portion of tlie tubular member 1 110 in order to catch or at least 
decelerate the mandrel 11 05. 

Referring to Fig. I Of, once the extmsion process is completed, the 
5 expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 11 05, 
the integrity of the fluidic seal of the joint between the upper portion of the tubular 
member 1110 and the upper portion of the tubular liner 1108 is tested using 
conventional methods. If the fluidic seal of the joint between the upper portion of 
10 the tubular member 1110 and the upper portion of the tubular liner 1008 is 
satisfactory, then the uncured portion of the material 1 160 within the expanded 
tubular member 1 1 1 0 is then removed in a conventional manner. The material 1 1 60 
within the annular region between the tubular member 1110 and the tubular liner 
1008 is then allowed to cure. 
1 5 As illustrated in Fig. 1 Of, preferably any remaining cured material 1 1 60 within 

the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back liner 
of casing 1 1 70 includes the expanded tubular member 1 1 10 and an outer annular 
layer 1 175 of cured material 1 160. 
20 As illustrated in Fig. 1 Og, the remaining bottom portion of the apparatus 1 1 00 

comprising the shoe 1115 and packer 1 155 is then preferably removed by drilling 
out the shoe 1115 and packer 1 155 using conventional drilling methods. 

In a particulariy preferred embodiment, the apparatus 1 1 00 incorporates the 
apparatus 900. 

25 Referring now to Figs. 1 1 a- 1 1 f, an emlxKliment of an apparatus and method 

for hanging a tubular liner off of an existing wellbore casing will now be described. 
As illustrated in Fig. 1 1 a, a wellbore 1200 is positioned In a subterranean formation 
1205. The weUbore 1200 includes an existing cased section 1210 having a tubular 
casing 1215 and an annular outer layer of cement 1 220. 

30 In order to extend the wellbore 1200 into the subterranean fonmation 1205, 

a drill string 1225 is used in a well known manner to drill out material from the 
subterranean formation 1205 to form a new section 1230. 



^ As illustrated in Fig. 1 1 b, an apffi/SAxIs 1 300 fortoimihg a'welUbore casing in 

a subtenanean fonnation is then positioned in the new section 1 230of the wellbore 
100. The apparatus 1300 preferably includes an expandable mandrel or pig 1305, 
a tubular member 1310, ashoe 1315, a Ould passage 1320, alluid passage 1330, a 
5 fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1 345. The expandable mandrel 1 305 is preferably adapted to contioUably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
10 accordance with the teachings of the present disclosure. In a prefened 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
substantially as disclosed In U.S. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

15 The tubular member I310iscouptedtoandsupportedbytheexpandablemandrel 

1305. The tubularmemberlSlOlspreferably expanded in theradlaldlrectionandextnided 
offofthe expandable mandrel 1305. The tubular member 1310 may be fabricated from any 
number of materials such as, for example. Oilfield Countiy Tubular Goods (OCTG), 13 
chromium steel tubing/casing or plasUc casing. In a preferred embodiment, the tubular 
20 member 1310 is fabricated from OCTG. The inner and outer diameters of the tubular 
member 1310 may range, for example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 
Inches) and 2.667 to 121.92 cms (1.05 to 48 inches), respectively. In a preferred 
embodiment, the inner and outer diameters of the tubular member 1310 range from about 
7.62 to 39.37 cms (3 to 1S.5 inches) and 8.89 to 40.64cms (3.5 to 16 inches), respectively in 
25 Older to optimally provide minimal telescoping effect in the most commonly encountered 
wellbore sl2es. 

In a prefened embodiment, the tubular member 1310 includes an upper portion 
1355, an Intennediate portion 1 360, and a lower portion 1365. In a preferred embodiment, 
the waU tWckness and outer diameter of the upper portion 1355 of the tubular member 
30 1310 range from about 0.375 to 3.81 cms m to 1 '/4 inches) and 8.89 to 40.64 cms (3 '/4 to 
16 inches), respectively In a prefened embodiment, the wall thickness and outer 
diameter of the intennediate portion 1360 of the tubular member 1310 range from about 
1.5825 to 1.905 cms 
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(0.625 to 0.75 inches) and 7.62 to 48.26'cms (3 to 19 inches), respectively. In a 
preferred embodiment, the wall thickness and outer diameter of the lower portion 
1365 of the tubular member 1310 range from about 0.375 to 3.81 cms (3/8 to 1.5 
inches) and 8.89 to 40.64 (3.5 to 16 inches), respectively. 
5 In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally faciliate the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wellbore having 

10 tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1355 of the tubular member 1310 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 1 305 
when it completes the extnision of tubular member 1310. In a preferred 

15 embodiment, the length of the tubular member 1310 is limited to minimize the 
possibifity of buckling. For typical tubular member 1310 materials, the length of the 
tubular member 1310 is preferably limited to between about 40 to 20,000 feet in 
length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
20 preferably includes fluid passages 1 330 and 1 335. The shoe 1315 may comprise any 
number of conventional corrunercially available shoes such as, for example. Super 
Seal 11 float shoe, Super Seal II Down-Jet float shoe or guide shoe with a sealing 
sleeve for a latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
25 aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug available 
from Halliburton Energy Senses in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimally guide the tubular member 
1310 into the wellbore 1200, optimally fluidlcly isolate the interior of the hibular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
30 the completion of the extmsion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 
outlet ports in fluidic communication with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the r^ion 



^ outside the shoe 1315 and tubular memberl310.* In d pretered embodiment, the 
shoe 1315includes the nuid passage 1330 having an Intelgeometrythat can receh^e 
a fluldic sealing member. In this manner, the fluid passage 1330 can be sealed off 
by Introducing a plug, dart and/or baU sealing elemente Into the fluid passage 1 330. 
5 The fluid passage 1320 pemiits fluldic materials to be transported to and from 
the interior region of the tubular member 1310 below the expandable mandrel 1 305. 
The fluid passage 1320 is coupled to and positioned within the support member 
1345 and the expandable mandrel 1305. The fluid passage 1320 preferably extends 
from a position adjacent to the surface to the bottom of the expandable mandrel 
10 1305. The fluid passage 1320 is preferably positioned along a centerline of the 
apparatus 1300. The fluid passage 1320 is preferablyselected to transport materials 
such as cement, drilling mud. or epoxies at flow rales and pressures ranging from 
about 0 to 1 1356.2355 Btres/minute (0 to 3,000 gaUonsAnlnute) and 0 to 620.52813 
bar (0 to 9.000 psi) in order to optimally provide sufficient operating pressures to 
15 circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluldic materials to be transported toand from 
the region exterior to the tubular member 1 3 1 0 and shoe 1 3 1 5. The fluid passage 
1330 is coupled to and positioned within Uie shoe 1315 In fluidic communication 
with ttie interior region 1370 of tiie tubular member 1310 below tiie expandable 
20 mandrel 1305. The fluid passage 1330 preferably has a cross-sectional shape that 
pemiits a plug, or other similar device, to be placed In fluid passage 1 330 to thereby 
block further passage of fluldic materials. In this manner, the interior region 1370 
of tiie tubular member 1310 below ttie expandable mandrel 1305 can be fluidlcly 
isolated from the region exterior to tfie tubular member 1310. This permits the 
25 interior region 1370 of tfie tubular member 1310 below the expandable mandrel 

1305 to be pressurized. Thefluid passage 13301s preferably posWonedsubstantiaily 
along the centeriine of tfie apparatus 1300. 

The fluid passage 1330 Is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 1 1356.2355 liti-es/minute CO to 3,000 gallons/minute) and 0 to 620.52813 bar (0 to 
9,000 psi) in order to optimally fill the annular region between the tubular member 
1310 and ttie new section 1230 of tiie wellbore 1200 with fluldic materials. In a 
prefen-ed embodiment, tiie fluid passage 1330 
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includes an inlet seometiy that can receive a dart and/or a baU sealing member. 
In this manner, the fluid passage 1 330 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and from the 
5 region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335 is 
coupled to and positioned within the shoe 1315 in fluidic communication with the fluid 
passage 1330. The fluid passage 1335 is preferably positioned substantially along the 
centerline of the apparatus 1300. The fluid passage 1335 is preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging from 

1 0 about 0 to 1 1 356,2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.528 1 3 bar (0 to 
9,000 psi) in order to optimally fill the annular region between the tubular member 1310 
and the new section 1 230 of the weItt>ore 1 200 with fluidic materials. 

The seals 1 340 are coupled to and supported by the upper end portion 1355 
of the tubular member 1310. The seals 1340 are further positioned on an outer 

1 5 surface of the upper end portion 1 355 of the tubular member 1310. The seals 1 340 
pennit the overlapping joint between the lower end portion of the casing 1215 and 
the upper portion 1 355 of the tubular member 1 3 1 0 to be fluldicly sealed. The seals 
1 340 may comprise any number of conventional corrunerciaUy available seals such 
as, for example, lead, mbber, Teflon™, or epoxy seals modified in accordance with 

20 the teachings of the present disclosure. In a preferred embodiment, the seals 1 340 
comprise seals molded from Stratalock epoxy available from Halliburton Eneigy 
Services in Dallas, TX in order to optimally provide a hydraulic seal in the annulus 
of the overlapping joint w^ile also creating optimal load bearing capability to 
withstand typical tensile and compressive loads. 

25 In a preferred embodiment, the seals 1 340 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 1310 from the 
existing casing 1215, In a preferred embodiment, the frictional force provided by 
the seals 1340 ranges from about 68.94757 to 68,947.57 bar (1,000 to 1,000,000 IbO 
in onjer to optimally support the expanded tubular member 1310. 

30 The support member 1345 is coupled to the expandable mandrel 1305, tubular 

member 1310, shoe 1315, andseals 1340. The support member 1 345 preferably conq>rises 
an annular member having sufRcient strength to cany the sqiparatus 1300 into the new 
section 1230 of the wellbore 1200. In a prefened 
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Y embodiment, the support member 1 345 hither includesrone or mdre conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1 345 is thoroughly cleaned 
prior lo assembly to the remaining portions of the apparatus 1300. In this manner, 
5 the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 1 300 and to ensure that no foreign material interferes with 
the expansion process. 

The wiper plug 1 350 is coupled to the mandrel 1 305 within the interior region 
10 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may comprise 
one or more conventional commerciciliy available wiper plugs such as, for example, 
Multiple Stage Cementer latch-dovm plugs» Omega latch-down plugs or three-wiper 
latch-down plug modified in accordance v^th the teachings of the present 
15 disclosure. In a preferred embodiment, the wiper plug 1350 comprises a Multiple 
Stage Cementer latch-down plug available from Halliburton Eneigy Services in 
Dallas, TX modified in a conventional manner for releasable attachment to the 
expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
20 within the new section 1230ofthewellbore 1200, a couple ofwellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 
apparatus 1 300 and to ensure that no foreign material Interferes vrith the extrusion 
process. 

25 As illustrated in Fig. lie, a hardenable fluidic sealing material 1380 is then 

pumped from a surface location into the fluid passage 1 320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the e^andable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1 330. The material 1 380 then exits the apparatus 1 300 via the fluid passage 
1 335 and fills the annular region 1 390 between the exterior of the tubular member 
1 3 1 0 and the interior wall of the new section ! 230 of the wellbore 1 200. Continued 
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^ pumping of the material 1380 causes the 



material ISS'Oto fiUiip at least a portion 



of the annular region 1 390. 

The material 1380 may be pumped into the annular region 1 390 at pressures 
and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) 
5 and 0 to 5678.1177 litres/minute (0 to 1,500 gallons/min), respectively. In a 
preferred embodiment, the material 1380 is pumped into the amnular region 1390 
at pressures and flow rates ranging from about 0 to 344.73875 bar (0 to 5000 psi) 
and 0 to 5678.1 177 litres/minute (0 to 1,500 gallons/min), respectively, in order to 
optimally fill the annular region between the tubular member 1310 and the new 
10 section 1230oftheweUbore 1200 with the hardenablefluidic sealing material 1380. 
The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
15 specifically for the well section being drilled and available from HalUburton Energy 
Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1 380 in the annular region 1 390. The opUmum blend 
of the cement is preferably detennined using conventional empirical methods. 
The annular region 1 390 preferably is filled with the material 1 380 in sufficient 
20 quantities to ensure that, upon radial e;q>ansion of the tubular member 1310, the 
annular region 1390ofthenewsecUon 1230ofthewellbore 1200 will be fiUed with 
material 1380. 

As iUustrated in Fig. 1 Id, once the annular region 1390 has been adequately 
filled with material 1380, a wiper dart 1395, or other similar device, is introduced 
25 Into the fluid passage 1320. The wiper dart 1 395 is preferably pumped through the 
fluid passage 1 320 by a non hardenable fluidic material 1 38 1 . The wiper dart 1 395 
then preferaUy engages the wiper plug 1350. 

As illustrated in Fig. 1 le, in a preferred embodiment, engagement of the 
wiper dart 1395 with the wiper plug 1350 causes the wiper plug 1350 to decouple 
30 from the mandrel 1305. The v^per dart 1395 and wiper plug 1350 then preferably 
will lodge in the fluid passage 1 330, thereby blocking fluid flow through the fluid 



^vassage 1330, and flviididy isolating the* l&terrior regioh 137D of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1306 is raised out of the e]q>anded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fliiid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from phigging a fluid passage such as, 
for example. Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down plug^dart modified in a^bordance with the teachings of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down phig modified to latch and seal in the Multiple Stage 
_ Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pimiped into the 
interior region 1370 at pressiues and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678. 1 1 77 litres/minute (0 to 
1500 gallons/min) in order to optimally extrude the tubular member 1310 off of the 
mandrel 1305. In this manner, the amount of hardenable fluidic material within die 
2g interior of the tubular member 1 3 1 0 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330, the non hardenable 
fluidic material 1381 is preferably pumped into the interior region 1370 at pressures and flow 
rates nmging from approximately 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
11356^355 litres/minute (40 to 3,000 galWmin) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to permit adjustments to be made 
30 operating parameters during the extrusion process. 



For typical tubular members 1310, ti^ extrusion of the tub(Uar ftiember 1310 off of 
the expandable mandrel 1305 will begin when the pressure of the interior region 1370 
reaches, for example, approximately 34,473 to 620.52813 bar (500 to 9,000 psi). In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the expandable 
5 mandrel 1305 is a function of the tubular member diameter, wall thickness of the tubular 
member, geometry of the mandrel, the type of lubricant, the composition of the shoe and 
tubular member, and the yield strength of the tubular member. The optimum flow rate and 
o|>erating pressures are preferably determined using conventional empirical methods. 
During the extrusion process, the expandable mandrel 1305 may be raised out of 

10 the exi>anded portion of the tubularmember 1310atrates ranging, forexample, from about 
0 to 1 .524 m/s (0 to 5 ft/sec). In a preferred embodiment, during the extrusion process, the 
expandable mandrel 1305 may be raised out of the expanded portion of the tubular 
member 1310 at rates ranging from aboutO to 0.6096m (0 to 2 ft/sec) in order to optimally 
provide an efficient process, optimally permit operator adjustment of operation parameters. 

15 andensureoptimalcompletionoftheextnisionprocessbeforecuringof thematerial 1380. 

When the upper end portion 1355 of the tubular member 1310isextrudedoff of the 
expandable mandrel 1305, the outer surface of the up(>er end portion 1355 of the tubular 
member 1310 will preferably contact the interior surface of the lower end portion of the 
casing 12I5toformanfluidtightoveriapping]oint. The contact pressure of the overiapping 

20 joint may range, for example, from ^proximately 3.447379 to 1 ,278.9514 bar (50 to 20,000 
psi). In a preferred embodiment, the contact pressure of the overiapping joint ranges from 
approximately 27.579028 to 689.4757 bar (400 to 10,000 psi) in order to optimally provide 
contact pressure sufficient to ensure annular sealing and provide enough resistance to 
withstand typical tensUe and compressive loads. In a particulariy preferred embodiment, 
25 the sealing meml>ers 1340 will ensure an adequate fluidic and gaseous seal In the 
overlapping joint 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 1381 is controllably ramped down when the expandable 
mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In this 
30 manner, the sudden release of pressure caused by the complete extrusion of the tubular 
member 1310 off of the expandable mandrel 1305 can be minimized. In a prefen-ed 
embodiment, the operating pressure is reduced in a substantially linear fashion from 100% 
to about 1 0% during the end of the extmsion process beginning when the mandrel 1 305 has 
completed approximately all but about 1.524m (5 feet) of the extrusion process. 
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^ Alternatively, or in combination, a sho^lc absorl>dr is pibvided in the support 

member 1345 in order to absorb the shocic caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
5 the upper end portion 1355 of the tubular member 1310 in order to catch or at least 
decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the weUbore 1 200. In a prefenred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 
10 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the oveilai^ing joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactoiy, then the 
uncuied portion of the material 1380 within the expanded tubular member 131 0 is 
15 then removed in a conventional manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As iUustrated in Fig. 1 If, preferably any remaining cured material 1380 within 
the interiorof the expanded tubular member 13 10 is then removed in a conventional 
manner using a conventional drill string. The resulUng new section of casing 1400 
20 includes the expanded tubular member 1310 and an outer annular layer 1405 of 
cured material 305. The bottom portion of the apparatus 1 300 comprising the shoe 
1315 may then be removed by drilling out the shoe 1315 using conventional drilling 
methods. 

A method of creating a casing in a borehole located in a subterranean 
25 fonnation has been described that includes installing a hjbular liner and a mandrel 
in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extmding the liner off of the mandrel. The 
injecting preferably includes injecting a hardenable fluidic sealing material into an 
annular region located between the borehole and the exterior of tiie tubular linen 
30 and a non hardenable fluidic material into an interior region of the hibular liner 
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^ below the mandrel. The method preferartJ^lncludes fltiidlcVisolating the annular 
region ftom the interior region before injecting the second quantity of the non 
hardenabie sealing material into the interior region. The injecting the hardenable 
fluidic sealing material is preferably provided at operating pressures and flow rates 
5 ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 567. 1 1 77 Utres/minute 
(0 to 1,500 gallons/mln). The injecting of the non hardenable fluidic material is 
preferably provided at operating pressures and flow rates ranging from about 34.473 
to 620.52813 bar (500 to 9000 psi) and 151.4164 to 1 1356.2355 litres/minute (40 to 
3,000 gallons/min). The injecting of the non hardenable fluidic material is preferably 
1 0 provided at reduced operating pressures and flow rates during an end portion of the 
extruding. The non hardenable fluidic material is preferably injected below the 
mandrel. The method preferably includes pressurizing a region of the tubular liner 
below the mandrel. The region of the tubular liner below the mandrel is preferably 
pressurized to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 
15 psi). The method preferably includes fluidicly isolating an interior region of the 
tubular liner from an exterior region of the tubular liner. The method further 
preferably includes curing the hardenable sealing material, and removing at least a 
portion of the cured sealing material located within the tubular liner. The method 
further preferably includes overiapping the tubular liner with an existing wellbore 
20 casing. The method further preferably includes sealing the overiap between the 
tubular liner and the existing wellbore casing. The method further preferably 
includes supporting the extruded tubular liner using the overlap with the existing 
wellbore casing. The method further preferably Includes testing the integrity of the 
seal in the overlap between the hibular liner and the eidsting wellbore casing. The 
25 method further preferably Includes removing at least a portion of the hardenable 
fluidic sealing material within the tubular liner before curing. The method further 
preferably Includes lubricating the surface of the mandrel. The method further 
preferably includes absort^ing shock. The metfiod further preferably includes 
catching ttie mandrel upon the completion of the extruding. 

30 



An apparatus for creating a fpgiTig m*a Dorehole Idcated'in a' subterranean 

formation has been described that inchides a support member, a mandrel, a 

tubular member, and a ^oe. The support member mcludes a first fluid passage. 

The mandrel is coupled to the support member and includes a second fluid passage. 

5 The tubular member is coupled to the mandrel. The shoe is coupled to the tubular 

liner and includes a third fluid passage. The first, second and third fluid passages 

are operably coupled. The support member preferably further includes a pressure 

relief passage, and a flow control valve coupled to the first fluid passage and the 

pressure relief passage. The support member further preferably includes a shock 

10 absorber. The support member preferabty includes one or more sealing members 

adapted to prevent foreign material firom entering an interior region of the tubtdar 

member. The mandrel is preferably expandable. The tubular member is 

preferably febricated from materials selected from the group consisting of Oilfield 

Ck>untry Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 

15 tubular neibber prefezably has inner and outer diameters ranging from about 7.62 to 39.37 cms (3 to 15 J 
inches) and 8.89 to 40:64 cms (3.5 to 1 6 inches), respectively. The tubular member preferably has a plastic 
yield point ranging from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). Hie tubular 

member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

Amethod of joininga second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of tbe second tubular member; and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
- tubular member is preferably provided at operating pressures ranging from about 
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34.473 to 620.52813 bar (500 to 9,000 psO- Tbt pressuMmg •f the poiiio»of thc'mtcrior region of the 
second tubxilar member is preferably provided at reduced operating pressiires 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

A liner for use in creating a new section of wellbore casing in a subterranean 
10 formation adjacent to an already *?yiffti"g section of wellbore casing has been 
described that includes an annidar member. The annular memb^ includes one or 
more sealing members at an end portion of the i»Timilflr member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annularbodyofa cured ilmdic sealing material. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel. The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubtdar liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fluidic sealing material into an annular 
region external of the tubular liner. During the pressurizing, the interior portion 
of the tubular liner is preferably fluidicly isolated from an exterior portion of the 
tubular liner. The interior portion of tiie tubular liner is preferably pressurized 
to pressures tanging from about 34.473 to 620.52813 bar (500 to 9,000 psi). The tubular liner preferably 
25 overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a seal positioned in the overlap between the tubular liner and the existing 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 borehole has been described that includes installing a tubular liner and a mandrel 
within the wellbore casing, iiqecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



f <)xpandmg the liner in the borehole by extltfti^ In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 

5 from an exterior region of the tubular liner. In a preferred embodiment, the 
ipjecting of the body of fluidic material is provided at operating pressures and flow 
rates ranging fiom about 34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 113562.355 
litres/minute (40 to 3,000 gallons/min). la a preferred etsbodixnent, the injectmg of the body of fluidic 
material is provided at reduced operating pressures and flow rates during an end poition of the extniding. 

10 In a preferred embodiment, the fluidic material ia injected below the mandrel. In 
a preferred embodiment, a region of the tubular liner below the mandrel is . 
pressurized. In a preferred embodiment, the region of the tubular liner below the 
mandrel is pressuiized to pressiires ranging firom about 34.473 to 620.52813 bar (500 to 9»000 psi). In a 

preferred embodiment, the method fhrther includes overlapping the tubular liner 
15 with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
^ casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular Uner using the existing wellbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annnliir body of a cured fluidic sealing 
matmal. The tubular liner is formed by the process of extruding the tubular liner 
ofTof a mandrel. The annular body of a cured fluidic seating material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
^ pressurizing an interior portion of the tubular liner. In a preferred embodiment, 

at 



during the pressurizing, the interior portion Of the tubdlar Urier \i fluidicly isolated 
from an exterior portion of the tubular linen In a preferred embodiment, the interior 
portion of the tubular liner is pressurized at pressures ranging from about 34.473 to 
620.5281 3 bar (500 to 9,000 psi). In a prefenred embodiment, the annular body of a 
5 cured fluidic sealing material is fomned by the process of injecting a body of 
hardenable fluidic sealing material into an annular region behveen the existing 
wellbore casing and the tubular liner. In a prefened embodiment, the tubular liner 
overiaps with another existing wellbore casing. In a preferred embodiment, the tie- 
back liner further includes a seal positioned in the overlap between the tubular liner 
10 and the other exisdr^ wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a ^hoe; The 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid pass£^e, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel. 
The shoe is coupled to the tubular member. The shoe includes a third fluid passage 
operably coupled to the second fluid passage, an interior portion, and an exterior 
20 portion. The interior portion of the shoe is drillable. Preferably, the interior portion 
of the mandrel includes a tubular member and a load t}earing meml>er. Preferably, 
the load bearing member comprises a drillable body. Preferably, the interior portion 
of the shoe includes a tubular member, and a load t>earing member. Preferably, the 
load t>earing member comprises a drillable t>ody. Preferably, the exterior portion 
of the mandrel comprises an expansion cone. Preferably, the expansion cone is 
fabricated from materials selected from the group consisting of tool steel, titanium, 
and ceramic. Preferably, the expansion cone has a surface hardness ranging from 
about 58 to 62 Rockwell C. Preferably at least a portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
invention may be employed without a corresponding use of the other features. 



Accordingly, it is appropriate that the al^jSencled claims be construed broadly and , 
in a manner consistent with the scope of the invention. 



I ••«•• It 

' * « « • • • 



CLAIMS 

!• A wellbore casing, comprising: 

a tubular liner, the tubular liner formed by the 
S process of: 

placing the tubular liner and a mandrel within the 
wellbore; 

pressurising an interior portion of the tubular 
liner by injecting a fluidic material into the interior 
10 portion of the tubular liner through the interior of 
the mandrel; and 

extruding the tubular liner off of the mandrel; 

and 

an annular body of a cured fluidic sealing 
15 material coupled to the tubular liner; 

wherein during the pressurising the interior 
portion of the tubular liner is fluidicly isolated from 
an exterior portion of the tubular liner. 

20 2. The wellbore casing of claim 1, wherein the 

interior portion of the tubular liner is pressurised at 
pressures ranging from 34.473 to 620.52813 bar (500 to 
9,000 psi) . 

25 3. The wellbore casing of claim 1, wherein the 

annular body of a cured fluidic sealing material is 
formed by the process of: 

injecting a body of hardenable fluidic sealing 
material into an annual region external of the tubular 

30 liner. 

4. The wellbore casing of claim 1, wherein the 
tubular liner overlaps with an existing wellbore 
casing. 

35 
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5. The wellbore casing of claim 5, further comprising a seal positioned in 
the overlap between the tubular liner and the existing wellbore casing. 

6. The wellbore casing of claim 4, wherein the tubular liner is supported by 
the overlap with the existing wel]tx>re casing. 

7. A wellbore casing for placement within a wellbore, comprising: 

a tubular liner that overlaps with an existing casing within the well, the 
tubular liner formed by the process of: 

extruding the tubular liner off of a mandrel v^thin the wellbore by 
injecting a fluidic material into the tubular liner through the interior of the 
mandrel and pressurising an interior portion of the tubular liner; 

a seal positioned in the overlap between the tubular liner and the 
existing welll>ore casirig; and 

an annular body of a cured fluidic sealing nmterial coupled to the tubular 

liner; 

wherein during the pressurising the interior portion of the tubular liner is 
fluidicly isolated from an exterior portioi: of the tubular liner 

8. A wellbore casing for placement within a wellbore, comprising: 
a tubular liner, the tubular liner formed by the process of: 

placing the tubular liner and an expansion device within the wellbore; 

pressurising an interior portion of the tubular liner by injecting a fluidic 
nuiterial into the interior portion of the tubul?r liner through the interior of the 
expansion device; and 

radially expanding the tubular liner using the expansion device; and 

an annular body of a cured fluidic sealing material coupled to the tubular 

limn 

wherein during the pressurising, the interior portion of the tubular liner is 
fluidicly isolated from an exterior portion of the tubular liner. 

9. A wellbore casing for placement within a wellbore, comprising: 



a tubular liner that overlaps with an existing casing within the wellbore, 
the tubular liner formed by the process of: 

radially expanding the tubular liner within the wellbore using an 
expansion device by injecting a fluidic material into the tubular liner through 
the interior of the expansion device and pressurising an interior portion of the 
tubular liner, 

a seal positioned in the overiap between the tubular liner and the 
existing wellbore casing; and 

an annular body of a cured fluidic sealing material coupled to the tubular 

liner; 

wherein during the pressurising the interior portion of the tubular liner is 
fluidicly isolated from an exterior portion of the tubular linen 

1 0. A wellbore casing for a wellbore, comprising: 

a tubular liner, the tubular liner formed by the process of: 
expanding an ejq>andab!e tubulaur using an expansion device within the 
wellbore by injecting a fluidic material into the expandable tubular through the 
interior of the expansion device and pressurising an interior portion of the 
expandable tubulan and 

an annular body of a cured fluidic sealing material coupled to the tubul- .r 

liner; 

wherein the expandable tubular comprises: 

a first tubular portion having a first inside diameter; 

a second tubular portion having a second inside diameter, 

the first inside diameter being greater than the secoiKl inside diameter; 

an intermediate tapered tubular portion for couplir^ the first and second 
tubular portions to each other; and 

wherein during the pressurising the Interior portion of the expandable 
tubular is fluidicly isolated from an exterior portion of the expandable tubular. 

1 1 . The v^lll>ore casing of claim 9, wherein the first tubular portion has a 

"72- 



first wall thickness; wherein the second tubular portion has a second wall 
thickness; and wherein the first wall thickness is less than the second wall 
thickness. 

1 2. The weUbore casing of claim 9, wherein the second tubular portion 
includes one or more radial passages. 
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